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(57) ABSTRACT

According to one embodiment, a display device includes a
driver, a first pixel circuit disposed apart from the driver 1n
plan view but electrically connected to the driver, a second
pixel circuit separated further from the driver than the first
pixel circuit 1n plan view but electrically connected to the
driver, a first pixel electrode overlapping the driver 1n plan
view, a second pixel electrode overlapping the first pixel
circuit 1n plan view, a first relay line electrically connecting
the first pixel circuit and the first pixel electrode to each
other, and a second relay line electrically connecting the
second pixel circuit and the second pixel electrode to each
other.
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1
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2016-053887,
filed Mar. 17, 2016, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a dis-
play device.

BACKGROUND

In the field of signage display devices, the multi-display
system which displays an image by a plurality of display
devices arranged as tiles for scale-up 1s known. Note that the
display devices each comprise a frame light-shielding film 1n
a Irame-like non-display area (frame), which shades the
drivers, dummy e¢lectrodes and the like. In the above-
described multi-display system, a display image may be
divided by the frames between adjacent display devices.
There 1s a demand for narrowing the frames of the display
devices 1n order to improve the display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view showing an example of a configu-
ration of a display device DSP.

FIG. 2 1s an enlarged plan view showing an area CA of the
display device DSP shown i FIG. 1.

FIG. 3 1s an enlarged plan view showing a region includ-
ing pixel electrodes PE1 and PE3 shown in FIG. 2.

FIG. 4 1s a cross section of a {first substrate SUB1 taken
along line A-A' 1n FIG. 3.

FIG. 5 1s a cross section of the first substrate SUB1 taken
along line B-B' in FIG. 3.

FIG. 6 1s a cross section of the first substrate SUB1 taken
along line C-C' 1n FIG. 3.

FIG. 7A 1s a diagram showing a cross section of the
display panel PNL.

FIG. 7B 1s a cross section of a scattering layer FS shown
in FIG. 7A.

FIG. 7C 1s a plan view of an anisotropic scattering layer
AS1 shown 1n FIG. 7B.

FIG. 7D 1s a perspective view showing another example
of the anisotropic scattering layer AS1 shown 1n FIG. 7A.

FIG. 7E 1s a cross section of the display panel PNL, which
illustrates an example of the optical path of incident light
when dispersion 1n the scattering layer FS 1s 1sotropic.

FIG. 7F 1s a cross section of the scattering layer FS shown
in FIG. 7E.

FIG. 7G 1s a plan view of an 1sotropic scattering layer IS
shown 1n FIG. 7F.

FIG. 8 1s a diagram showing a configuration example of
a segment SQ.

FIG. 9 1s a timing chart illustrating operation of the
segment SG shown 1 FIG. 8.

FIG. 10 1s a plan view showing a configuration example
of a main pixel PX and a main pixel circuit CR.

FIG. 11 1s a plan view 1llustrating the spatial relationship
between a pixel electrode and a color filter 1n the main pixel

PX1 shown in FIG. 10.
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FIG. 12 1s a plan view showing a configuration example
of electrode groups EG1 to EG4 1n the main pixel PX1

shown 1n FIG. 10.

FIG. 13 i1s a schematic diagram showing a configuration
example of circuit groups CG1 to CG4 1n the main pixel
circuit CR1 shown 1n FIG. 10.

FIG. 14 1s a diagram showing an arrangement example of
a main pixel PX and a main pixel circuit CR 1n the display
panel PNL.

FIG. 15 1s a diagram showing the first modified example
of the structure of the main pixel PX and the main pixel
circuit CR shown i FIG. 10.

FIG. 16 1s a diagram showing the first modified example
of the structure of the electrode groups EG1 to EG4 shown
in FIG. 12.

FIG. 17 1s a diagram showing the second modified
example of the structure of the electrode groups EG1 to EG4
shown i FIG. 12.

FIG. 18 15 a diagram showing the third modified example
of the structure of the electrode groups EG1 to EG4 shown
in FIG. 12.

FIG. 19 1s a diagram showing the second modified
example of the structure of the main pixel PX and the main
pixel circuit CR shown 1n FIG. 10.

FIG. 20 1s a diagram showing the third modified example
of the structure of the main pixel PX and the main pixel
circuit CR shown i FIG. 10.

FIG. 21 1s a diagram showing the fourth modified
example of the structure of the main pixel PX and the main
pixel circuit CR shown in FIG. 10.

FIG. 22 1s a diagram showing the fifth modified example
of the structure of the main pixel PX and the main pixel
circuit CR shown 1n FIG. 10.

FIG. 23 1s a diagram showing the sixth modified example
of the structure of the main pixel PX and the main pixel
circuit CR shown 1n FIG. 10.

FIG. 24 1s a diagram showing the seventh modified
example of the structure of the main pixel PX and the main
pixel circuit CR shown 1n FIG. 10.

FIG. 25 1s a diagram showing a configuration example of
a multi-display system.

DETAILED DESCRIPTION

In general, according to one embodiment, a display device
comprises: a driver; a first pixel circuit disposed apart from
the driver as seen 1n plan view but electrically connected to
the driver; a second pixel circuit separated further from the
driver than the first pixel circuit as seen 1n plan view but
clectrically connected to the driver; a first pixel electrode
overlapping the driver as seen 1n plan view; a second pixel
clectrode overlapping the first pixel circuit as seen in plan
view; a lirst relay line electrically connecting the first pixel
circuit and the first pixel electrode to each other; and a
second relay line electrically connecting the second pixel
circuit and the second pixel electrode to each other.

According to another embodiment, a display device com-
prises: a driver; a first circuit group including first or third
pixel circuits each electrically connected to the driver, and
disposed apart from the driver as seen in plan view; a {first
clectrode group including a first pixel electrode, a second
pixel electrode greater in area than the first pixel electrode
and a third pixel electrode greater 1n area than the second
pixel electrode, and overlapping the driver as seen in plan
view; a lirst relay line electrically connecting the first pixel
circuit and the first pixel electrode to each other; a second
relay line electrically connecting the second pixel circuit and
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the second pixel electrode to each other; and a third relay
line electrically connecting the third pixel circuit and the

third pixel electrode to each other.

Embodiments will be described hereinafter with reference
to the accompanying drawings. The disclosure 1s merely an
example, and proper changes within the spirit of the inven-
tion, which are easily conceivable by a skilled person, are
included 1n the scope of the imvention as a matter of course.
In addition, 1n some cases, 1 order to make the description
clearer, the widths, thicknesses, shapes, etc. of the respective
parts are schematically illustrated in the drawings, compared
to the actual modes. However, the schematic illustration 1s
merely an example, and adds no restrictions to the interpre-
tation of the invention. Besides, in the specification and
drawings, the same elements as those described 1n connec-
tion with preceding drawings are denoted by like reference
numerals, and a detailed description thereol 1s omitted
unless otherwise necessary.

With respect to each of the embodiments, a retlective
liquad crystal display device will be described as an example
of the display device. The reflective liquid crystal display
device displays images by modulating the optical charac-
teristics of its liqmud crystal layer to selectively retlect
incident light from the display surface side, such as external
light and fill light. The embodiments are not limited to the
reflective type, but may be a transtlective display device
which has both functions of the transmissive type, which
selectively transmits incident light from the opposite side to
the display surface and the reflective type. Further, the
function of selectively reflecting or transmitting incident
light 1s not limited to the liquid crystal mode, but it may be
achieved by other modes such as micro-electro-mechanical-
systems (MEMS) and an electrophoretic mode.

Embodiment

FI1G. 1 1s a plan view showing a configuration example of
a display device DSP.

In the drawing, a first direction X and a second direction
Y cross each other, for example, orthogonally. A third
direction Z crosses the first direction X and the second
direction Y, for example, orthogonally to the first direction
X and the second direction Y. Further, viewing the display
device DSP and the display panel PNL from the normal
direction orthogonal to the X-Y plane which 1s defined by
the first direction X and the second direction Y 1s referred to
as a plan view.

The display device DSP includes, for example, a display
panel PNL, a drniver DR and the like. In this example, the
display panel PNL 1s formed into a rectangular shape
comprising a pair ol long sides L1 and L2 along the first
direction X and a pair of short sides S1 and S2 along the
second direction Y, but the shape 1s not limited to that of the
example 1llustrated, and may be other polygons, circles,
clliptical or the like.

The liquid crystal display panel PNL includes a first
substrate SUB1 and a second substrate SUB2. The first
substrate SUB1 and the second substrate SUB2 are adhered
to each other with a sealant SE. The sealant SE 1s placed
along each of the short sides S1 and S2 and the long sides
L1 and L2. The display panel PNL includes a display area
DA 1nside the area surrounded by the sealant SE, for image
display. The display panel PNL includes a non-display area
NDA outside the display area DA. The display areca DA
comprises a plurality of pixel electrodes, pixel circuits and
the like, as will be described later. The first substrate SUB1
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wiring lines and power lines for supplying various voltages
(not shown), etc. 1n the display area DA. The signal lines SL
are each provided along the first direction X. The scanning
lines GL are each provided along the second direction Y.

The driver DR has a function of driving the pixel elec-
trodes by supplying various voltages including video sig-
nals, respectively, according to the respective pixel circuits.
The dniver DR comprises peripheral circuits Crl to Crd
located 1n the region surrounded by the sealant SE. The
peripheral circuits Crl to Crd4 are arranged on the first
substrate SUB1 so as to be located continuously from the
non-display area NDA over to the peripheral portion within
the display area DA. For example, the peripheral circuit Crl
1s disposed along the short side S1 and comprises a signal
line driving circuit and the like. The peripheral circuit Cr2 1s
disposed along the long side L1 and comprises a scanning
line driving circuit, a polarity mversion circuit, a common
drive circuit, etc. The peripheral circuit Cr3 1s disposed
along the short side S2 and comprises a protective circuit,
ctc. The peripheral circuit Crd 1s disposed along the long
side L2 and comprises a scanning line driving circuit, a
polarity inversion circuit, a common drive circuit, etc. The
signal lines SL are electrically connected to the peripheral
circuits Crl and Cr3. The scanning lines GL are electrically
connected to the peripheral circuit Cr2 or Crd. The driver
DR may further comprise a drive timing generation circuit,
a power supply circuit, etc.

In the example illustrated, the display panel PNL com-
prises a drive IC chip CP 1n 1ts non-display area NDA. The
drive IC chip CP 1s mounted in a mounting portion MT of
the first substrate SUB1 disposed along the short side S1.
The drive IC chip CP comprises part of various circuits
which constitute the driver DR.

FIG. 2 1s an enlarged plan view showing an area CA of the
display device DSP shown i FIG. 1. In the example
illustrated, the display device DSP 1s the so-called memory-
in-pixel (MIP) drive-mode display device which comprises
in the display area DA a plurality of static random access
memories (SRAMs) as memories to store data regarding
display of each pixel. In the drawing, each pixel circuit PC
1s equivalent to a SRAM, and each pixel electrode PE 1is
equivalent to the display region of each pixel. The memories
are not limited to SRAMSs, but some other structure such as
dynamic random access memories (DRAMs) may be
applied. In the display area DA, a plurality of pixel circuits
PC, pixel electrodes PE and relay lines (connecting lines)
RL are arranged. Further, the peripheral circuits Crl and Cr4
are partially located in the display area DA. As 1llustrated,
the light-shielding portion SH having light-shielding prop-
erty may be arranged in the display area DA. In the example
illustrated, the sealant SE, a dummy electrode DM, a light-
shielding layer BM, and parts of the peripheral circuits Crl
and Cr4 are located 1n the non-display area NDA. Note that
ol outer edge portions of the display area DA, which front
the non-display areca NDA, those extending along the first
direction X and opposing the non-display area NDA along
the second direction Y are defined as outer edge portions
DAY, whereas those extending along the second direction Y
and opposing the non-display area NDA along the first
direction X are defined as outer edges DAX.

Next, the configuration of the display area DA will be
described.

As seen 1n plan view, the pixel circuits PC are disposed
apart from the peripheral circuits Crl and Cr4 (drivers DR)
and are arranged in the region surrounded by the drivers DR.
Further, a plurality of pixel circuits PC overlap the light-
shielding portion SH, whereas some pixel circuits PC need




US 10,459,262 B2

S

not to overlap the light-shielding portion SH. The pixel
circuits PC are electrically connected to the respective
drivers DR by the respective signal lines SL and scanning
lines GL 1llustrated 1n FIG. 1. As seen 1n plan view, some of
the pixel electrodes PE overlap the respective drivers DR,
and some of the pixel electrodes PE overlap the respective

[ 1

pixel circuits PC. Moreover, some of the pixel electrodes PE
overlap the light-shielding portion SH. The relay lines RL
cach connect a pixel circuit PC and a respective pixel
clectrode PE electrically to each other one by one. The relay
lines RL are each located between a pixel circuit PC and a
respective pixel electrode PE and between a driver DR and
a respective pixel electrode PE along the third direction Z.
As seen 1n plan view, the light-shielding portion SH 1s
disposed 1n a region surrounded by the drivers DR and 1s
disposed apart from the relay lines RL. The light-shielding
portion SH 1s located between the pixel circuits PC and the
pixel electrode PE along the third direction Z. The light-
shielding portion SH shields incident light to the pixel
circuits PC from a side where an arrow of the third direction
7. 1s located. In the example 1llustrated, the pixel circuits PC
and the pixel electrodes PE are arranged along the first
direction X and the second direction Y, respectively. Note
that the arrangement 1s not particularly limited, but may be
arranged 1n another direction, or 1n a staggered manner.

The spatial relationship and connection relationship
between pixel circuits and pixel electrodes will be described
in more detail by focusing on the pixel circuits PC1 to PC4,
the pixel electrodes PE1 to PE4, and the relay lines RL1 to
R4 as an example.

The Pixel circuit PC1 1s disposed apart from the periph-
eral circuit Crl to be adjacent thereto along the first direction
X. The pixel electrode PE1 overlaps the peripheral circuit
Crl and 1s disposed apart from the pixel circuit PC1 along
the first direction X. The pixel electrode PE1 1s located
between the pixel circuit PC1 and the sealant SE along the
first direction X and 1s located on a side closer to the outer
edge DAX than the pixel circuit PC1. The relay line RLL1
clectrically connects the pixel circuit PC1 and the pixel
clectrode PE1 to each other. The relay line RLL1 extends
along the first direction X and overlaps those pixel elec-
trodes PE which are located between the pixel circuit PC1
and the pixel electrode PE1 as seen 1n plan view.

The Pixel circuit PC2 1s located alongside the pixel circuit
PC1 with respect to the first direction X and 1s located on a
side more distant from the peripheral circuit Crl than the
pixel circuit PC1. The pixel electrode PE2 1s disposed apart
from the pixel circuit PC2 along the first direction X and 1s
located alongside the pixel electrode PE1 with respect to the
first direction X. The pixel electrode PE2 is located on a side
more distant from the outer edge DAX than the pixel
clectrode PE1 and 1s disposed apart from the peripheral
circuit Crl. The pixel electrode PE2 1s located between the
pixel circuit PC2 and the pixel electrode PE1 and 1t overlaps
the pixel circuit PC1. The relay line RL2 electrically con-
nects the pixel circuit PC2 and the pixel electrode PE2 to
cach other. The relay line RL2 1s placed so as not to overlap
the relay lines RLL1 or other relay lines RL.

The pixel circuit PC3 1s located on a side more distant
trom the peripheral circuit Crl than the pixel circuit PC2 and
it overlaps the light-shielding portion SH as seen in plan
view. The pixel electrode PE3 overlaps the pixel circuit PC3
and 1n the example 1llustrated, it 1s electrically connected to
the pixel circuit PC3 without a relay line. Note that the pixel
clectrode PE3 and the pixel circuit PC3 may be connected to
cach other through a relay line.
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The pixel circuit PC4 1s located alongside the pixel circuit
PC3 with respect to the second direction Y and 1s located on
a side closer to the peripheral circuit Crd4 than the pixel
circuit PC3. The pixel circuit PC4 1s disposed apart from the
peripheral circuit Crd4 and adjacent thereto along the second
direction Y. The pixel electrode PE4 overlaps the peripheral
circuit Crd and 1t 1s disposed apart from the pixel circuit PC4
along the second direction Y. The pixel electrode PE4 1is
located between the pixel circuit PC4 and the sealant SE
along the second direction Y and 1s located on a side closer
to the outer edge DAY than the pixel circuit PC4. The relay
line RL4 electrically connects the pixel circuit PC4 and the
pixel electrode PE4 to each other. The relay line RIL4
extends along the second direction Y and overlaps those
pixel electrodes PE which are located between the pixel
circuit PC4 and the pixel electrode PE4 as seen 1n plan view.

Next, the configuration of the non-display area NDA will
be described.

The sealant SE 1s provided along the outer edges DAX
and DAY of the display area DA with respective gaps from
the outer edges DAX and DAY. In the example 1llustrated,
the sealant SE 1s disposed apart from the peripheral circuits
Crl and Crd as seen 1n plan view.

The dummy electrode DM 1s disposed along the outer
edges DAX and DAY and is located between the outer edge
DAX and the light-shielding layer BM and between the
outer edge DAY and the light-shielding layer BM. In the
example 1llustrated, the dummy electrode DM 1s adjacent to
the outer edges DAX and DAY and partially overlaps the
sealant SE as seen 1n plan view. Note that the dummy
clectrode DM may be disposed apart from the outer edges
DAX and DAY or the sealant SE as seen 1n plan view. The
dummy electrode DM 1s disposed on the first substrate
SUB1 shown 1n FIG. 1 and 1s electrically connected to a
power line of a fixed potential (not shown). The power line
here 1s, for example, a power line of a common potential,
connected to the common drive circuit. The dummy elec-
trode DM 1s provided to capture 1onic impurities and the
like. The display device DSP needs not to comprise the
dummy electrode DM.

The light-shielding layer BM 1s disposed on the second
substrate SUB2 shown in FIG. 1. The light-shielding layer

BM 1s adjacent to the outer edges DAX and DAY and
overlaps the sealant SE and the dummy electrode DM as
seen 1n plan view. In the example illustrated, the light-
shielding layer BM does not overlap the peripheral circuits
Crl and Cr4 entirely, but only partially overlaps the periph-
eral circuits Crl and Crd4. The light-shielding layer BM may
be disposed apart from the peripheral circuits Crl and Crd
as seen 1n plan view. But, the light-shielding layer BM does
not overlap any of the pixel electrodes PE.

FIG. 3 1s an enlarged plan view illustrating a region
including the pixel electrodes PE1 and PE3 shown 1n FIG.
2. A plurality of pixel circuits PC and a plurality of pixel
clectrodes PE are electrically connected respectively to each
other through lower connection portions CTa and upper
connection portions CTb, respectively. The lower connec-
tion portions CTa are formed in through (penetrating) an
isulating film 13, which will be described later, along the
third direction Z. The upper connection portion CTb are
formed in through an insulating film 14, which will be
described later, along the third direction Z. When a pixel
circuit PC and a pixel electrode PE are electrically con-
nected to each other through a respective relay line RL, the
respective lower connection portion Cla 1s located on one
end side of the relay line RL, and the respective upper
connection portion CTb 1s located on the other end side,
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which 1s opposite to the one end side of the relay line RL.
When a pixel circuit PC and a pixel electrode PE overlap to
be electrically connected to each other without via a relay
line RL, the respective upper connection portion C'Tb at least
partially overlaps the respective lower connection portion
C'Ta as seen 1n plan view. In this case, the lower connection
portion CTa and the upper connection portion CTb may be
formed integrally as one member.

Between a pixel circuit PC1 and a pixel electrode PE1, a
pixel circuit PC1 and a relay lime RL1 are electrically
connected to each other through a lower connection portion
CTal, and the relay line RLL1 and the pixel electrode PE1 are
clectrically connected to each other through an upper con-
nection portion CTbl. The upper connection portion CThl
1s disposed apart from the lower connection portion CTal
along the first direction X as seen 1in plan view. Between a
pixel circuit PC2 and a pixel electrode PE2, a pixel circuit
PC2 and a relay line RL2 are electrically connected to each
other through a lower connection portion CTa2, and the
relay line RL2 and the pixel electrode PE2 are electrically
connected to each other through an upper connection portion
C'Tb2. The upper connection portion C1b2 1s disposed apart
from the lower connection portion Cla2 along the first
direction X as well as the second direction Y as seen in plan
view. Between a pixel circuit PC3 and a pixel electrode PE3,
a pixel circuit PC3 and a pixel electrode PE3 are electrically
connected to each other through a lower connection portion
CTa3 and an upper connection portion CTb3 mutually
overlapping as seen 1n plan view.

In the example illustrated, a plurality of lower connection
portions CTa are arranged along the first direction X and the
second direction Y. The lower connection portions Cla may
be arranged at an equal pitch, or at different pitches from one
position to another. In the example illustrated, the arrange-
ment pitch of the lower connection portions Cla along the
second direction Y 1s constant regardless of their positions,
whereas the arrangement pitch of the lower connection
portions C'la varies along the first direction X according to
the distance from the peripheral circuit Crl. The lower
connection portion CTal, closest to the peripheral circuit
Crl among the plurality of lower connection portions CTa,
1s adjacent to another lower connection portion CTa at a
pitch P11 along the first direction X. The lower connection
portion CTla3 disposed on a side more distant from the
peripheral circuit Crl than the lower connection portion
CTal 1s adjacent to another lower connection portion CTa at
a pitch PT2 along the first direction X. The pitch P12 1is
greater than the pitch PT1.

Next, the spatial relationship between the peripheral cir-
cuit Crl, the pixel circuits PC and the pixel electrodes PE
along the third directions Z will be described with reference
to 1 FIGS. 4 to 6. Note FIGS. 4 to 6 illustrate the only
structure necessary lor explanation. Moreover, the side
indicated by the arrow of the third direction Z 1s defined as
up (upper side), whereas the opposite side along the third
direction Z 1s down (lower side).

FI1G. 4 1s a cross section of the first substrate SUB1 taken
along line A-A' 1n FIG. 3.

In the 1illustrated region, the first substrate SUB1 com-
prises an insulating substrate 10, an undercoat layer UC,
insulating films 11, 12, 13 and 14, peripheral circuit Crl,
relay line RL1, pixel electrode PFE1, etc.

The insulating substrate 10 1s, for example, an nsulating
substrate 1ncluding a pair of flat main surfaces opposing
cach other along the third direction 7. The undercoat layer
UC 1s located on the 1nsulating substrate 10. The undercoat
layer UC may be of a multilayer structure including a

5

10

15

20

25

30

35

40

45

50

55

60

65

8

plurality of insulating films. The undercoat layer UC may be
omitted. The 1nsulating film 11 1s located above the under-
coat layer UC. The insulating film 12 1s located above the
insulating film 11. The insulating film 13 1s located above the
insulating film 12. The mnsulating film 14 1s located above
the msulating {ilm 13. The insulating films 11, 12, and 14 are
cach formed of, for example, an inorganic material such as
silicon nitride or silicon oxide. The msulating film 13 1s
formed of, for example, an organic material such as resin.
The matenals of the insulating films 11 to 14 are not
particularly limited, but, for example, the insulating film 13
may be of an morganic material and the insulating film 14
may be of an organic matenal.

The peripheral circuit Crl 1s located 1n a region between
an upper surface of the undercoat layer UC (or an upper
surface of the insulating substrate 10 1f the undercoat layer
UC 1s omitted) and a lower surface of the insulating film 13.
In addition, although not illustrated, the peripheral circuit
Crl comprises various wiring lines such as scanning lines
and signal lines described above, various circuit elements
such as n-channel MOS ftransistors and p-channel MOS
transistors, etc.

The relay line RLL1 1s located between the msulating film
13 and the msulating film 14. More specifically, the relay
line RLL1 1s disposed apart from the peripheral circuit Crl by
only the thickness of the msulating film 13 along the third
direction Z. The relay line RL1 (RL) 1s formed of, for
example, a metal material such as molybdenum, tungsten,
aluminum or titanium or an alloy of any of these materials.
But the material 1s not specially limited as long as 1t 1s
conductive, and the line may be of, for example, a trans-
parent conductive material such as indium tin oxide (ITO) or
indium zinc oxide (I1Z0).

An upper connection portion ClTbl 1s formed on the
insulating film 14. The upper connection portion CTb1 1s
formed 1n through the 1nsulating film 14 partially so as to
expose the relay line RL1 through the nsulating film 14.

The pixel electrode PE1 1s located on the insulating film
14. The pixel electrode PE1 1s formed further 1n the upper
connection portion CTbl1 to be 1n contact with the relay line
RI1 1n the upper connection portion CTb1l. A pixel electrode
PE adjacent to the pixel electrode PE1 with a gap therebe-
tween opposes the relay line RLL1 along the third direction Z
through the insulating film 14. The pixel electrode PE 1s
disposed apart from the peripheral circuit Crl along the third
direction Z. In the example 1llustrated, the pixel electrode PE
comprises a reflecting electrode RE and a transparent elec-
trode TE. The reflecting electrode RE i1s located lower 1n the
respective pixel electrode PE and the transparent electrode
TE covers the retlecting electrode RE. The reflecting elec-
trode RE 1s formed of a metal material having light reflec-
tivity such as aluminum or silver. The transparent electrode
TE 1s formed of a transparent conductive material having
light transmlsswny such as ITO or IZ0, which can suppress
the corrosion of the retlecting electrodes RE.

FIG. 5 1s a cross section of the first substrate SUBI1 taken
along line B-B' in FIG. 3.

In addition to the structure described with reference to
FIG. 4, the first substrate SUB1 comprises a switch portion
SW2, a node electrode EN, a contact electrode EC1 and the
like 1n the 1llustrated region. Moreover, 1n place of the pixel
clectrodes PE1 and PE2, 1t comprises a pixel electrode PE.

The switch portion SW2 comprises a semiconductor layer
SC, a gate electrode GE and a node electrode EN equivalent
to source/drain. The semiconductor layer SC 1s located
above the insulating substrate 10 and 1s covered by the

insulating film 11. The gate electrode GE 1s located on the
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insulating film 11 and 1s covered by the isulating film 12.
The gate electrode GE 1s electrically connected to a latch
portion LT, which will be described later with reference to
FIG. 8, in a region which 1s not 1illustrated. In the example
illustrated, the switch portion SW2 1s of a top-gated type 1n
which the gate electrode GE 1is located above the semicon-
ductor layer SC, but may be a bottom-gate type in which the
gate electrode GE 1s located below the semiconductor layer
SC. Moreover, the switch portion SW2 1llustrated 1s of a
single-gate structure in which one gate electrode GE
opposes the semiconductor layer SC, but may be of a
double-gate structure in which two gate electrodes G-
oppose the semiconductor layer SC.

The node electrode EN 1s located on the msulating film 12
to be 1n contact with the semiconductor layer SC and 1s
covered by the third msulating film 13. The node electrode
EN 1s equivalent to the output node Nout, which will be
described later with reference to FIG. 8 and 1s electrically
connected to the semiconductor layer of a switch portion
SW3, which will be also described later with reference to
FIG. 8, 1in a region not 1illustrated.

The pixel circuit PC1 1s located 1n a region between the
upper surface of the undercoat layer UC (or the upper
surface of the isulating substrate 10 1f the undercoat layer
UC 1s omitted) and the lower surface of the mnsulating film
13. That 1s, the pixel circuit PC1 1s located 1n the same layer
as that of the peripheral circuit Crl. Similarly, the other pixel
circuits PC are located respectively in the same layers as
those of the peripheral circuits Crl to Crd. The pixel circuits
PC each include the switch portion SW2.

The lower connection portion CTal i1s formed in the
insulating film 13. The lower connection portion CTal 1s
formed 1n through the 1nsulating film 13 partially so as to
expose the node electrode EN through the msulating film 13.

The contact electrode EC1 1s formed inside the lower
connection portion Clal so as to cover the node electrode
EN 1n the lower connection portion CTal.

The relay line RL1 1s provided also inside the lower
connection portion Clal so as to be i1n contact at least
partially with the contact electrode EC1. That 1s, the relay
line RLL1 1s electrically connected to the pixel circuit PC1
(node electrode EN) through the contact electrode ECI.

As seen 1n the figure, the pixel electrode PE opposes the
contact electrode EC1 and the relay lmme RL1 wvia the
insulating film 14 and 1s electrically disconnected from the
pixel circuit PC1.

FIG. 6 1s a cross section of the first substrate SUB1 taken
along line C-C' in FIG. 3.

The cross section of the 1llustrated region 1s different from
that of FIG. 5 in that the light-shielding portion SH 1s
present, the relay line RL 1s not provided, and the upper
connection portion CTb3 1s located inside the lower con-
nection portion CTal.

In the cross section of the illustrated region, the first
substrate SUB1 comprises the pixel circuit PC3, the contact
clectrode EC3, the light-shielding portion SH, the pixel
clectrode PE3 and the like.

The contact electrode EC3 1s disposed inside the lower
connection portion Cla3 so as to cover the node electrode
EN 1n the lower connection portion CTa3. The light-shield-
ing portion SH 1s located between the insulating film 13 and
the insulating film 14, and 1s located on the same layer
(insulating film 13) as that of the relay line RL. The
light-shielding portion SH should desirably be formed of,
for example, a metal material having light-shielding prop-
erty such as the material for the relay line RL. In this case,
the relay line RL and the light-shielding portion SH can be
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formed at the same time in the same process. The light-
shielding portion SH opposes the pixel electrode PE3 via the
insulating film 14. Further, the light-shielding portion SH 1s
provided also 1n the gap between each adjacent pair of pixel
clectrodes PE. With this configuration, the light-shielding
portion SH shields the light from the upper portion of the
first substrate SUBI1 through the gap between each adjacent
pair of pixel electrodes PE from entering the pixel circuit

PC.

The insulating film 14 1s located on the insulating film 13,
the contact electrode EC3 and the light-shielding portion
SH. The upper connection portion CTb3 1s formed 1n
through the region located in the lower connection portion
C'Ta3 of the msulating film 13 so as to exposing the contact
clectrode EC3 through the insulating film 13.

The pixel electrode PE3 is located also inside the upper
connection portion CTb3 to be 1n contact at least partially
with the contact electrode EC3. That 1s, the pixel electrode
PE3 1s electrically connected to pixel circuit PC3 (node
clectrode EN) through the contact electrode EC3.

FIG. 7A 1s a cross section of the display panel PNL.

This figure 1llustrates the only structure necessary for
explanation 1n the section of the display panel PNL in the
display area DA. The display panel PNL comprises the first
substrate SUB1, the second substrate SUB2, the liquid
crystal layer LC and an optical device OD.

The first substrate SUB1 comprises an alignment film
AL1 1n addition to the structure described with reference to
FIG. 4 or 6. The alignment film AL1 covers the pixel
clectrodes PE.

The second substrate SUB2 comprises an 1msulating sub-
strate 20, a light-shielding layer BM, a color filter layer CF,
an overcoat layer OC, a common e¢lectrode CE, an alignment
film AL2 and the like. The light-shielding layer BM 1s
located on a side of the insulating substrate 20, which
opposes the first substrate SUB1. In the display area DA
illustrated here, the light-shielding layer BM opposes the
gap between the pixel electrodes PE adjacent to each other.
Further, as shown 1n FIG. 2, the light-shielding layer BM 1s
located also 1n the non-display area NDA. The color filter
layer CF 1s located on a side of the insulating substrate 20,
which opposes the first substrate SUB1, and those members
partially overlap the light-shielding layer BM. The color
filter layer CF opposes the pixel electrodes PE1 to PE4
illustrated 1n FIG. 2, and in this configuration example, i1t
opposes all of the pixel electrodes PE. The color filter layer
CF includes a red filter, a green filter, a blue filter, etc. The
red filter 1s placed to oppose the pixel electrode of a
sub-pixel (red pixel) which displays red. The green filter 1s
placed to oppose the pixel electrode of a sub-pixel (green
pixel) which displays green. The blue filter 1s placed to
oppose the pixel electrode of a sub-pixel (blue pixel) which
displays blue. When the color filter layer CF 1s formed to
include a red filter, a green filter and a blue filter, the main
pixel 1s constituted to include at least one of each of the red
pixel, green pixel and blue pixel. Note that the color filter
layer CF may further include other color filters, and for
example, 1t may further include a white filter placed at a
sub-pixel which displays white, or a transparent layer. The
overcoat layer OC covers the color filter layer CF. The
common electrode CE 1s located on a side of the overcoat
layer OC, which opposes the first substrate SUB1. The
common electrode CE opposes a plurality of pixel electrode
PE. The common electrode CE 1s formed of a transparent
conductive material such as ITO or IZ0O. The alignment film
AL2 covers the common electrode CE.
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Note that in the second substrate SUB2, a plurality of
filters of different colors are stacked on a boundary between
sub-pixels displaying different colors, and therefore the
transmissivity can be reduced, in which case, the light-
shielding layer BM may be omitted. In a display panel PNL
of the monochrome type, the color filter layer CF 1s omitted.

The liquid crystal layer LC 1s held between the first
substrate SUB1 and the second substrate SUB2 and contains

liquid crystal molecules LM between the alignment film
AL1 and the alignment film AL2.

The optical device OD 1s located on a side of the second
substrate SUB2, which 1s opposite to the surface thereof 1n
contact with the liquid crystal layer LC. The optical device
OD comprises, for example, a scattering layer FS, a retar-
dation film RT, a polarizer PL and the like. In the example
illustrated, the scattering layer FS 1s adhered onto the
insulating substrate 20, the retardation film RT 1s stacked on
the scattering layer FS and the polarizer PL 1s stacked on the
retardation film RT. Note that the configuration of the optical
device OD 1s not limited to the example illustrated.

As long as it can scatter the incidence light on the pixel
clectrode PE or the reflection light reflected by the pixel
clectrode PE, the configuration of the scattering layer FS 1s
not particularly limited. Moreover, 1n the example illus-
trated, the scattering layer FS 1s provided in the optical
device OD and disposed in the second substrate SUB2.
However, the location of the scattering layer FS 1s not
particularly limited as long as 1t 1s placed on an opposite side
to the side of the pixel electrode PE, which opposes the relay
line RL, so as to oppose the pixel electrode PE. The
scattering layer FS can suppress non-uniformity in display
caused by the unevenness of the pixel electrodes PE and also
can expand the viewing angle by diflusing the reflection
light on the pixel electrodes PE. In the example 1llustrated,
the scattering layer FS 1s an anisotropic scattering layer
which scatters light entering from a specific direction. The
scattering layer FS, which 1s an anisotropic scattering layer,
has the function of transmitting light entering from the light
source LS side in the figure without substantially scattering
it, but scattering light from a specific direction, that 1s, the
reflection light from the pixel electrodes PE. Note that the
scattering layer FS, which 1s an anisotropic scattering layer,
should be of a multilayered structure for the purpose of
expanding the range of diffusion, preventing rainbow hues
and the like.

The retardation film RT has a function as a quarter
waveplate. For example, the retardation film RT i1s a layered
member 1n which a quarter waveplate and a half waveplate
are stacked, formed to reduce the wavelength dependency
and to obtain a desired phase diflerence 1n the wavelength
range used for color display. The polarizer PL, which
includes a transmission axis, transmits polarized compo-
nents parallel to the transmission axis and absorbs or retlects
polarized components perpendicularly crossing the trans-
mission axis.

In such a display panel PNL, the side closer to the light
source LS 1s equivalent to the display surface side. In the
example illustrated, the surface of the optical device OD 1s
equivalent to the display surface. However, if a cover
member 15 disposed on the surface of the optical device OD,
the surface of the cover member 1s equivalent to the display
surface. The light entering the display panel PNL from the
light source LS 1s linearly polarized when transmitting the
polarizer PL. The linearly polarized light passes through the
liquid crystal layer LC of the display panel PNL betfore and
after reflected by the pixel electrodes PE.
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FIG. 7B 1s a cross section of the scattering layer FS shown
in FIG. 7A.

In the example illustrated, the scattering layer FS com-
prises the anisotropic scattering layers AS1 and AS2 stacked
on one another. The anisotropic scattering layer ASI1
includes an upper surface ASla on a side closer to the light
source LS and a lower surface AS1b on an opposite side to
the upper surface ASla. The anisotropic scattering layer
AS2 includes an upper surface AS2a on a side closer to the
light source LS and a lower surface AS2b on an opposite
side to the upper surface AS2a. The anisotropic scattering
layer AS2 1s located on a side of the anisotropic scattering
layer AS1, which opposes the pixel electrode PE. The
anisotropic scattering layers AS1 and AS2 adhered to each
other, for example.

The anisotropic scattering layer AS1 comprises a plurality
of transparent members TP1 and transparent members TP2.

[

The refractive index of the transparent members TP1 differs
from that of the transparent members TP2. The transparent
members TP1 and TP2 are arranged from the upper surface
AS1a over to the lower surface AS1b and are each inclined
along the same direction with respect to the third direction
7. The transparent members TP1 and TP2 are arranged
alternately 1n a direction parallel to the upper surface ASla
(the lower surface AS15). Note that the anisotropic scatter-
ing layer AS2 as well comprises transparent members TP1
and TP2 and has a configuration similar to that of the
anisotropic scattering layer AS1. In the example illustrated,
the transparent members TP2 of the anisotropic scattering
layer AS1 1n the lower surface AS1b are arranged to be
shifted respectively from the transparent members TP2 of
the anisotropic scattering layer AS2 in the upper surface
AS2a.

FIG. 7C 1s a plan view of the anisotropic scattering layer
AS1 shown i FIG. 7B.

The ftransparent members TP1 and TP2 extend, for
example, 1 stripes along in the second direction Y and
arranged alternately with respect to the first direction X. The
widths of the transparent members TP1 and TP2 along the
first direction X are not particularly limited. For example,
the width of transparent members TP1 along the first direc-
tion X may be greater than that of the transparent members
TP2.

FIG. 7C shows an example in which the transparent
members TP1 and TP2 extend 1n the second direction Y, but
the arrangement 1s not limited to this. The transparent
members TP1 and TP2 may extend along the first direction
X. Moreover, FIGS. 7B and 7C show a louvor-like configu-
ration i which a plurality of tabular transparent members
TP2 are arranged at predetermined intervals 1n the transpar-
ent members TP1, but the arrangement 1s not limited to this.

For example, the anisotropic scattering layer AS1 may be
ol a pillar structure (cylindrical structure) as shown 1n FIG.
7D. In the pillar structure, the transparent members TP2 are
formed to be cylindrical and arranged i1n the transparent
members TP1. The transparent members TP2 are aligned
along the same direction, and are wrregularly arranged as
seen 1n plan view.

FIG. 7E 1s a cross section of the display panel PNL, which
illustrates an example of the optical path of incidence light
when scattering in the scattering layer FS 1s 1sotropic.

In the example 1llustrated, the scattering layer FS 1s an
1sotropic scattering layer which can scatter incident light
from any direction. The scattering layer FS has a function of
scattering the incidence light on the pixel electrodes PE from
the light source LS side in the figure, and scattering the
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reflection light by the pixel electrodes PE. The scattering
layer FS 1s, for example, an adhesive having light scattering
property.

FIG. 7F 1s a cross section of the scattering layer FS shown
in FIG. 7E.

The scattering layer F'S comprises an 1sotropic scattering
layer IS. The 1sotropic scattering layer IS comprises a
transparent member TP3 and a plurality of transparent
members TP4. The refractive index of the transparent mem-
bers TP4 differs from that of the transparent member TP3.
The transparent members TP4 are formed to be, for example,
spherical. The shape 1s not particularly limited, but 1t may
be, for example, pillar-like or discoidal. The transparent
members TP4 are dispersed in the transparent member TP3.

FIG. 7G 1s a plan view of the 1sotropic scattering layer IS
shown 1n FIG. 7F.

As 1llustrated 1 FIG. 7F and FIG. 7G, a plurality of
transparent members TP4 are dispersed in the transparent
member TP3. In the example 1llustrated, the density of the
transparent members TP4 1n the transparent member TP3 1s
substantially uniform along the first direction X and the
second direction Y.

In the configuration example, the display device DSP
comprises, as seen 1n plan view, the pixel circuit PC1
disposed apart from the peripheral circuit Crl, the pixel
clectrode PE1 overlapping the peripheral circuit Crl and the
relay line RLL1 electrically connecting the pixel circuit PC1
and the pixel electrode PE1 to each other. With this con-
figuration, even a region overlapping the peripheral circuit
Crl can contribute to display. Further, even those pixel
clectrodes PE overlapping the peripheral circuit Crl are
connected respectively to the individual pixel circuits PC
one by one, and therefore the pixel electrodes PE in the
region overlapping the peripheral circuit Crl can be con-
trolled 1n a manner equivalent to that of the pixel electrodes
PE in a region disposed apart from the peripheral circuit Crl.
Furthermore, 1n the case where the pixel electrodes PE each
comprise the reflecting electrode RE and the pixel electrodes
PE overlapping the driver DR oppose the color filter layers
CF, the display device DSP can exhibit a dlsplay perior-
mance to be obtained 1n the region located on an inner side
with respect 1o the peripheral circuit Crl, equivalently also
in the region which overlaps the perlpheral circuit Crl. In
this manner, the display area DA can be expanded even in
the regions close to the outer edges DAX and DAY while
maintaining the display performance substantially equiva-
lent to that achieved near the central portion of the display
area DA.

Moreover, for example, the insulating films 13 and 14 are
located between the pixel circuit PC and the pixel electrodes
PE and the relay line RL 1s located between the insulating
film 13 and the insulating film 14. In this case, the relay line
RL 1s 1 contact with the pixel circuits PC and the pixel
clectrodes PE only in the positions of the lower connection
portion CTa and the upper connection portion CTbh. With this
configuration, the relay line RL can be dispose(f to overlap
the driver DR, the plxel circuit PC and the pixel electrodes
PE, as seen 1n plan view. In other words, the relay line RL
does not need to detour the pixel circuit PC and the pixel
clectrodes PE as seen in plan view, but 1t can be wired
regardless of the locations of the pixel circuits PC and the
pixel electrodes PE. For example, the pixel electrode PE2 1s
disposed apart from the pixel circuit PC2 in the first direc-
tion X and the lower connection portion CTa2 1s disposed
apart from the upper connection portion CTbh2 along the first
direction X and the second direction Y. The relay line RL2
extends along the first direction X and the second direction
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Y so as not to be brought 1into contact with other relay lines
RL, but to overlap a plurality of pixel electrodes PE. More
specifically, the relay lines RL may extend not only along a
direction 1n which the pixel circuits PC and pixel electrodes
PE are respectively dlsposed apart from each other, but also
along a direction crossing the direction 1n which the pixel
circuits PC and the pixel electrodes PE separate from each
other. Therefore, the relay lines RL can connect those pixel
circuits PC and pixel electrodes PE, which are located to be
disposed apart from each other, respectively to each other.

When the lower connection portions CTal and CTa2 are
arranged along the first direction X, the number of bents of
the relay lines RLL1 and RL.2 can be reduced. Thus, the relay
lines RL can be arranged densely, thereby making 1t possible
to increase the number of pixel electrodes PE which can be
arranged 1n the positions which overlap the peripheral
circuits Crl to Cr4.

Moreover, when the pitch PT1 1s less than the pitch P12,
it becomes possible to increase the number of pixel circuits
PC which can be disposed 1n the regions located on an 1inner
side with respect to the peripheral circuits Crl to Cr4, and
therefore the number of pixel electrodes PE which can be
disposed in the positions which overlap the peripheral
circuits Crl to Crd can be increased.

The display device DSP may comprise, as seen in plan
view, a pixel circuit PC4 disposed apart from the peripheral
circuit Crd, a pixel electrode PE4 overlapping the peripheral
circuit Crd and a relay line RL4 electrically connecting the
pixel circuit PC4 and the pixel electrode PE4 to each other.
In this case, even the region which overlaps the peripheral
circuit Crd can contribute to display. That 1s, the display area
DA can be expanded not only along the first direction X but
also along the second direction Y.

In addition, the display device DSP comprises a light-
shielding portion SH located between the insulating film 13
and the insulating film 14 as 1n the case of the relay lines RL.
The light-shielding portion SH can shield external light
which enter the transistors of the pixel circuits PC to cause
malfunction, and thus 1t 1s possible to improve the display
quality of the display device DSP.

As described above, according to this embodiment, 1t 1s
possible to provide a display device DSP whose frame can
be narrowed.

Next, a configuration example of a segment SG which
constitutes a pixel will be described. Here, the segment SG
1s equivalent to the minimum unit to be drniven indepen-
dently to display images and in this embodiment, there are
the same number of segments SG formed as that of the pixel
clectrodes PE. For example, as will be described in Embodi-
ment 2, when the main pixel PX comprises a plurality of
sub-pixels P and each sub-pixel P comprises a plurality of
pixel electrodes PE, each sub-pixel P 1s constituted by a
plurality of segments SG.

FIG. 8 1s a diagram showing a configuration example of
the segment SG.

The segment SG comprises a liquid crystal capacitance
CLC and a pixel circuit PC. The liquid crystal capacitance
CLC means the capacitive component of a liquid crystal
layer LC, generated between a pixel electrode PE and a
common electrode CE. The pixel electrode PE 1s electrically
connected to the pixel circuit PC. The common electrode CE
opposes the pixel electrode PE and 1s electrically connected
to a common drive circuit (not shown), to which a common
potential Vcom 1s applied.

The pixel circuit PC comprises three switch portions SW1
to SW3 and a latch portion LT. The switch portion SW1 1s
formed from, for example, a single re-channel MOS tran-
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sistor. The switch portion SW1 includes one end electrically
connected to a signal line SL and another end electrically
connected to the latch portion LT. The ON/OFF operation of
the switch portion SW1 1s controlled by a scanning signal
supplied from a scanning line GL. That 1s, the switch portion
SW1 1s placed mm an ON (closed) state by applying a
scanning signal ¢V wvia the scanning line GL from the
scanning-line driving circuit included 1n the peripheral cir-
cuit Cr2 or Crd shown 1n FIG. 1, thus capturing the data (the
signal potential corresponding to gradation) SIG supplied
via the signal line SL from the signal line driving circuit
included 1n the peripheral circuit Crl or Cr3 shown in FIG.
1.

The latch portion LT comprises inverters IV1 and 1V2
connected 1n parallel but to be inverted with respect to each
other. Each of the inverters IV1 and 1V2 1s, for example, a
CMOS 1nverter. The latch portion LT holds (latchs) the
potential according to the data SIG captured by the switch
portion SW1. In other words, the latch portion LT functions
as a memory which can hold data.

The switch portions SW2 and SW3 are each formed from,
for example, a transier switch constituted by an n-channel
MOS transistor and a p-channel MOS transistor connected
in parallel, but they may be formed using transistors of some
other configuration. To one end of the switch portion SW2,
a potential XFRP of a phase opposite to that of the common
potential Vcom 1s applied. To one end of the switch portion
SW3, a potential FRP in phase with the common potential
Vcom 1s applied. The other ends of the switch portions SW2
and SW3 are connected to each other and further electrically
connected to the pixel electrode PE so as to serve as an
output node Nout of the pixel circuit PC. According to the
polarity of the holding potential of the latch portion LT, the
respective one ol the switch portions SW2 and SW3 1s
placed 1n the ON state. Thus, 1n the liquid crystal capaci-
tance CLC 1n which the common potential Vcom 1s applied
to the common electrode CE, the in-phase potential FRP or
the antiphase potential XFRP 1s applied to the pixel elec-
trode PE.

FIG. 9 1s a timing chart for illustrating the operation of the
segment SG shown i FIG. 8.

Here, the following descriptions will be made 1n connec-
tion with an example 1n which the normally black mode 1s
applied, which displays black while voltage 1s not applied to
the liqguid crystal layer LC.

In the pixel circuit PC, the data SIG supplied to the signal
line SL 1s captured at the timing at which the scanning signal
¢V 1s given to the switch portion SW1 and the potential
according to the captured data SIG 1s held 1n the latch
portion LT. When the pixel circuit PC captures data SIG
equivalent to logical “0”, the polarnty of the holding poten-
tial of the latch portion LT 1s negative. In this case, the
switch portion SW2 1s placed 1n an OFF (open) state and the
switch portion SW3 1s 1n the ON (closed) state, and thus the
potential FRP 1in phase with the common potential Vcom 1s
applied to the pixel electrode PE. Therefore, the pixel
potential of the pixel electrode PE becomes equivalent to the
common potential Vcom of the common electrode CE. As a
result, voltage 1s not applied to the liquid crystal layer LC,
and the segment SG displays black.

On the other hand, when the pixel circuit PC captures data
SIG equivalent to logical “17, the polarity of the holding
potential of the latch portion LT 1s positive. In this case, the
switch portion SW3 1s placed in the OFF (open) state, and
the switch portion SW2 1s in the ON (closed) state, and thus
the potential XFRP of a phase opposite to that of the
common potential Vcom 1s applied to the pixel electrode PE.
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Therefore, a potential difference 1s created between the pixel
potential of the pixel electrode PE and the common potential
Vcom of the common electrode CE, thereby applying volt-
age to the liquid crystal layer LC. As a result, the light
transmitting the liquid crystal layer LC 1s modulated, and
part of the modulated light contributes to display. Therelfore,
the segment SG displays whate.

As described above, 1in this embodiment, the memory
portion 1n the pixel circuit PC can store binary data (logical
“1”/logical “0”) and based on the digital binary data, gra-
dation can be expressed. In order for a display device of the
MIP system using such binary data to express gradation, for
example, the area gradation system can be adopted, 1n which
cach sub-pixel 1s constituted by a plurality of segments SG
and gradation 1s expressed by the combination of areas of a
plurality of segments SG. Here, the area gradation system 1s
a gradation expressing system which expresses, for example,
2" gradation scales by N segments SG whose areas ratios are
weighed as 2°, 2', 2%, ..., and 27"

Such an MIP system can express the gradation of a
sub-pixel using the data held in the memory portion, and
therefore 1t 1s not necessary to perform a write, which 1s to
write a signal potential reflecting a gradation for each pixel,
by a frame period. Thus, 1t 1s possible to reduce the power
consumption of the display device DSP.

In the meantime, there are needs to rewrite only some
pixels 1 a display 1image displayed on the display area DA.
In this case, it suflices 11 the signal potentials of the segments
SG are partially rewrnitten. More specifically, data is trans-
mitted only to the pixel circuits PC of those segments SG
which need to be rewritten, and 1t 1s no longer necessary to
transmit data to the pixel circuits PC of those segments SG
which need not be rewritten. Thus, the amount of data
transfer can be reduced, and therefore it 1s possible to
achieve further power-saving of the display device DSP.

Moreover, 1n a structure to which the MIP system 1s
applied, either one of the switch portions SW2 and SW3 1s
placed 1n the ON state according to the polarity of the
holding potential of the latch portion LT, and accordingly the
potential FRP 1n phase or the potential XFRP of antiphase 1s
applied to the pixel electrode PE. Thus, a constant voltage 1s
always applied to the segments SG, and therefore shading
can be suppressed.

Next, a configuration example of the display device DSP
in the case where the area gradation system 1s applied to this
embodiment will be described. In the following descriptions,
the explanation of the structures already discussed in
Embodiment 1 will be omitted. Further, according to
Embodiment 2 and its modified example, an advantageous

effect similar to that described in Embodiment 1 can be
obtained.

Embodiment 2

FIG. 10 1s a plan view showing a configuration example
of a main pixel PX and a main pixel circuit CR. This
diagram shows an enlarged illustration of a region near an
outer edge of the display area DA.

The display device DSP comprises a plurality of main
pixels PX and a plurality of main pixel circuits CR which
drive the main pixels PX, respectively. Each main pixel PX
1s equivalent to a region which constitutes the minimum unit
of display. In the example illustrated, each main pixel PX
has substantially a square shape with sides along the first
direction X and the second direction Y being substantially
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equal to each other. Note that the shape 1s not particularly
limited, but may be, for example, polygonal, circular or the
like.

Each main pixel PX comprises a plurality of pixel elec-
trodes PE, and each main pixel circuit CR comprises a
plurality of pixel circuits PC. The pixel electrodes PE of the
main pixel PX and the pixel circuits PC of the main pixel
circuit CR corresponding to the main pixel PX are electri-
cally conmnected respectively to each other one by one
through relay lines RL, respectively. In the example illus-
trated, the lower connection portions CTla are arranged along,
the first direction X and the upper connection portions CTb
are arranged also along the first direction X. The lower
connection portions CTa and the upper connection portions
CTb are respectively disposed apart from each other along
the second direction Y. The relay lines RL are provided 1n a
wiring region WR defined a plurality of lower connection
portions Cla and a plurality of upper connection portions
C'Tb. The wiring region WR extends along the first direction
X.

A main pixel PX1 overlaps the peripheral circuit Crl as
seen 1n plan view. A main pixel circuit CR1 which drives the
main pi1xel PX1 1s disposed apart from the peripheral circuit
Crl (driver DR) as seen 1n plan view. The peripheral circuit
CR1 1s disposed apart from the main pixels PX along the
first direction X and shifted with respect to the main pixels
PX along the second direction Y.

FIG. 11 1s a plan view illustrating the spatial relationship
between a pixel electrode and a color filter in the main pixel
PX1 shown 1n FIG. 10.

The main pixel PX1 comprises sub-pixels P1, P2, P3, and
P4, the brightness of which 1s controlled by area gradation.
Each of the sub-pixels P1 to P4 1s equivalent to a region
which displays a color in the main pixel PX1 and they
display different colors, respectively. The main pixel PX1 1s
partitioned by the light-shielding layer BM. The sub-pixels
P1 to P4 are each further partitioned by the light-shielding
layer BM. The sub-pixels P1 to P4 are rectangular (or
square) and their areas of the sub-pixels P1 to P4 are
substantially equal to each other. In the example 1llustrated,
the sub-pixels P1 to P4 are squares with sides along the first
direction X and the second direction Y which are substan-
tially equal to each other.

The sub-pixel P1 and the sub-pixel P2 are arranged along,
the first direction X. The sub-pixel P3 and the sub-pixel P4
are arranged along 1n the first direction X. On the other hand,
the sub-pixel P1 and the sub-pixel P3 are arranged along the
second direction Y. The sub-pixel P2 and the sub-pixel P4
are arranged along the second direction Y. In the example
illustrated, the sub-pixel P1 1s a G pixel which displays
green (), the sub-pixel P2 1s an R pixel which displays red
(R), the sub-pixel P3 1s a B pixel which displays blue (B) and
the sub-pixel P4 1s a W pixel which displays white (W).

The sub-pixel P1 1s adjacent to the sub-pixel P2 along the
first direction X and adjacent to the sub-pixel P3 along the
second direction Y. The sub-pixel P4 1s located diagonally
with respect to the sub-pixel P1, adjacent to the sub-pixel P3
along the first direction X and adjacent to the sub-pixel P2
along the second direction Y. Note that the colors corre-
sponding to the sub-pixels P1 to P4 shown 1 FIG. 11 are
merely an example and the sub-pixels may correspond to
any different colors, respectively. However, 1t 1s desirable
that the B pixel and W pixel be adjacent to each other.
Further, the R pixel and G pixel should desirably be adjacent
to each other.

The sub-pixels P1 to P4 each comprise three segments SG
for expressing 3-bit gradation. In this configuration example,

10

15

20

25

30

35

40

45

50

55

60

65

18

the display region of each segment SG 1s defined to be
equivalent to a region where the pixel electrodes PE corre-
sponding to the respective segment SG are disposed, and
which 1s partitioned by the light-shielding layer BM. The
arca ol a segment SG 1s defined as the area of the display
region ol the segment SG.

In the main pixel PX1, the sub-pixels P1 to P4 have a
similar configuration. The configuration of the sub-pixels
will be described 1n detail. Note that the sub-pixel P1 will be
discussed as a typical example, and the explanations of the
other sub-pixels P2 to P4 will be omatted.

The sub-pixel P1 comprises three segments SG11 to SG13
for displaying 3-bit gradation. The sub-pixel P1 comprises
an electrode group EG1 including the three pixel electrodes
PE11 to PE13. The pixel electrode PE11 1s disposed in the

display region of the segment SG11, the pixel electrode
PE12 is 1n that of the segment SG12, and the pixel electrode
PE13 1s 1n that of the segment SG13. As seen 1n plan view,

the pixel electrodes PE11 to PE13 oppose each other via the
light-shielding layer BM.

The area of the segment SG11 1s a display region equiva-
lent to the least significant bit (for example, 2°) in the 3-bit
area gradation. The area of the segment SG13 1s a display
region equivalent to the most significant bit (for example,
22) in the 3-bit area gradation. The area of segment SG12 is
a display region equivalent to the middle bit (for example,
21) in the 3-bit area gradation. With the combinations of the
segments SG11 to SG13, 1t 1s possible to display 3-bit area
gradation.

The area of the segment SG12 1s greater than that of the
segment SG11 and the area of segment SG13 1s greater than
that of the segment SG12. Similarly, the area of the pixel
clectrode PE12 1s greater than that of the plxel clectrode
PE11 and the area of the pixel electrode PE13 1s greater than
that of the pixel electrode PE12. The ratio i area of the
segment SG11, segment SG12 and segment SG13 1s, for
example, 1:2:4 (=2":2":2%). Or the ratio in area of the pixel
clectrode PE11, pixel electrode PE12 and pixel electrode
PE13 is 1:2:4 (=2°:2':2%). Note that the combinations of the
area ratios of the pixel electrodes PE11 to PE13 and the
segments SG11 to SG13 are not limited to those of the
example described above.

The sub-pixel P1 comprises a color filter CF1 including
color filters CF11 to CF13. The color filter CF1 1s, for
example, a green filter. Along the third direction Z, the eeler
filter CF1 opposes the electrode group EG1, and the color
filters CF11 to CF13 oppose the pixel electrodes PE11 to
PE13, respectively. As seen in plan view, the light-shielding
layer BM 1s provided 1n each interval among the color filters
CF11 to CF13. The color filters CF11 to CF13 may be
disposed apart from each other or may be formed as one
member. The electrode group EG1 and the color filter CF1
overlap the peripheral circuit Crl illustrated in FIG. 10 as
seen 1n plan view.

The sub-pixel P2 1s constituted by segments SG21 to 23,
and comprises an electrode group EG2 including pixel
clectrodes PE21 to PE23. The sub-pixel P2 comprises a red
filter CF2 including color filters CF21 to CF23 and over-
lapping the electrode group EG2. The sub-pixel P3 is
constituted by segments SG31 to 33, and comprises an
clectrode group EG3 ineluding pixel electrodes PE31 to
PE33. The sub-pixel P3 comprises a blue filter CF3 includ-
ing color filters CF31 to CF33 and overlapping the electrode
group EG3. The sub-pixel P4 1s constituted by segment
SG41 to 43 and comprises an electrode group EG4 which
including pixel electrodes PE41 to PE43. The sub-pixel P4
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comprises a white filter CF4 including color filters CF41 to
CF43 and overlapping the electrode group EGA4.

When the colors of the sub-pixels P1 to P4 differ from
RGBW, 1t suflices 11 the colors of the color filters CF1 to CF4
are changed accordingly.

FIG. 12 15 a plan view showing a configuration example
of the electrode groups EG1 to EG4 1n the main pixel PX1
shown 1n FIG. 10.

The main pixel PX1 extends along the first direction X
and includes a boundary line B1 located between the sub-
pixels P1 and P3 and also between the sub-pixels P2 and P4.
The main pixel PX1 also extends along the second direction
Y and includes a boundary line B2 located between the
sub-pixels P1 and P2 and the sub-pixels P3 and P4. The

layout of the electrode groups EG1to E

EG4 1s not particularly
limited, but 1n the example illustrated, the electrode groups
EG3 and EG4 are laid out to be symmetrical with the

clectrode groups EG1 and F

EG2 respectively with respect to
the boundary line Bl as a line of the axis of symmetry.
Similarly, the electrode groups EG2 and EG4 are laid out to
be symmetrical with the electrode groups EG1 and EG3,
respectively with respect to the boundary line B2 as a line
the axis of symmetry. Moreover, the electrode groups EG1
to EG4 are laid out to be symmetrical respectively to each
other about an intersection XP between the boundary line B1
and the boundary line B2 as the point of symmetry.

Next, the configuration of the electrode group EG1 will be
described by focusing on the sub-pixel P1 as a typical
example. The explanations of the configurations of the other
clectrode groups EG2 to EG4 will be omutted.

The pixel electrode PE11 has a quadrangular shape with
two 1ntersecting sides SD1 and SD2 of the pixel electrode
PE11 located close to the boundary lines B1 and B2,
respectively. The pixel electrode PE12 has an L shape
arranged along two 1ntersecting sides SD3 and SD4 of the
tour sides of the pixel electrode PE11, which are located on
a side disposed apart from the boundary lines B1 and B2.
The pixel electrode PE13 has an L type arranged along the
other two sides SD7 and SD8, oppose two sides SDS and
SD6 adjacent to the pixel electrode PE11 of the pixel
clectrode PE12. The pixel electrode PE11 1s located on a side
close to the intersection XP of the pixel electrode PE12, and
the pixel electrode PE13 1s located on a side disposed apart
from the intersection XP of the pixel electrode PE12.

The figure (rectangle) formed by the pixel electrodes
PE11 and PE12 i1s similar to that of the pixel electrode PE11.
The figure (rectangle) formed by the pixel electrodes PE11
to PE13 1s similar to the figure (rectangle) formed by the
pixel electrodes PE11 and PE12. With this configuration, it
1s possible to suppress the change in shape of the light-
emitting region of the sub-pixel P1 1n a middle gradation.

An upper connection portion CTb11 electrically connects
the pixel electrode PE11 to the relay line RLL11 shown in
FIG. 10. An upper connection portion CTb12 electrically
connects the pixel electrode PE12 to the relay line RLL12
shown i FIG. 10. An upper connection portion CTbh13
clectrically connects the pixel electrode PE13 to the relay
line RL13 shown 1n FIG. 10. The upper connection portions
CTb1l to CTb13 are located 1n end portions of the pixel
clectrodes PE11 to PE13, respectively, on a side adjacent to
the electrode group EG3 and are arranged along the first
direction X by the boundary line B1. In other words, the
upper connection portions CTb11 to CTb13 are located 1n an
end portion EEG1 of the electrode group EG1 along the
second direction Y. In this embodiment, the end portion
EEG1 1s equivalent to the region enclosed by a dashed line
in the figure.
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The upper connection portions CTb21 to CTbh23 disposed
in the electrode group EG2 are located 1n an end portion of
the electrode group EG2, which 1s on a side adjacent to the
clectrode group EG4 and are arranged along the {first direc-
tion X by the boundary line B1l. The upper connection
portions C'Tb1l to CTb13 and the upper connection portions
CTb21 to CTb23 are located on the same straight line. Since
the configuration of the electrode groups EG1 and EG3 1s
symmetrical with respect to the boundary line B1 as the line
of symmetry, the upper connection portions CTb31 to
CTb33 disposed on pixel electrode EG3 are located 1n an
end portion of the electrode group EG3, which 1s on a side
adjacent to the electrode group EG1, and are arranged along
the first direction X by the boundary line B1. The upper
connection portions CTb41 to CIb43 disposed on the pixel
clectrode EG4 have configurations similar to those of the
upper connection portions C1b31 to CTbh33. The upper
connection portions CTh31 to CTh3, and CTb41 to CTb43
are located on the same straight line.

As described above, 1n the example 1llustrated, the upper
connection portions CTb are located in the end portions of
the sub-pixels P1 to P4 along the second direction Y, in the
central portion of the main pixel PX1 along the second
direction Y, and also arranged along the first direction X.

FIG. 13 i1s a schematic diagram showing a configuration
example of circuit groups CG1 to CG4 1n the main pixel
circuit CR1 shown 1n FIG. 10.

It 1s assumed here that the pixel circuits PC are formed 1n
regions defined by alternate long and short dash lines in the
figure. The detailed configuration thereof 1s not 1llustrated,
but they may be of any configuration as long as the equiva-
lent circuit shown i FIG. 8 is realizable. In the example
illustrated, the pixel circuits PC arranged along the first
direction X have the same configuration in layout. More-
over, each pair of pixel circuits PC adjacent to each other
along the second direction Y have the same configuration 1n
the layout symmetrical with respect to a straight line extend-
ing along the first direction X as an axis of symmetry. In the
example 1llustrated, the signal lines SLL1 to SL3 are each
equivalent to an axis of symmetry. In this example, one pixel
circuit PC 1s formed 1n a region partitioned by two adjacent
signal lines SL and two adjacent scanning lines GL, but the
embodiment 1s not limited to this. For example, it may be
partitioned by other wiring lines such as lines for supplying
the potential FRP or potential XFRP.

The pixel circuits PC11 to PC13 and the pixel circuits
PC21 to PC23 are formed 1n regions respectively, whose
sides along the first direction X are respectively less than
those along the second direction Y and are arranged along
the first direction X. The pixel circuits PC31 to PC33 and the
pixel circuits PC41 to PC43 are formed 1n regions respec-
tively, whose sides along the first direction X are less than
those along the second direction Y, and are arranged along
the first direction X.

The pixel circuits PC11 to PC13 constitute the circuit
group CG1 which drives the electrode group EG1 of the
sub-pixel P1. The pixel circuits PC21 to PC23 constitute the
circuit group CG2 which drives the electrode group EG2 of
the sub-pixel P2. The pixel circuits PC31 to PC33 constitute
the circuit group CG3 which drives the electrode group EG3
of the sub-pixel P3. The pixel circuits PC41 to PC43
constitute the circuit group CG4 which drives the electrode
group EG4 of the sub-pixel P4. The circuit group CG2 1s
adjacent to the circuit group CG1 along the first direction X,
and the circuit group CG4 1s adjacent to the circuit group
CG3 along the first direction X. The circuit group CG3 1s
adjacent to the circuit group CG1 along the second direction
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Y, and the circuit group CG4 1s adjacent to the circuit group
CG2 along the second direction Y.

In the region corresponding to a pixel circuit PC, the latch
portion LT 1llustrated 1n FIG. 8 and the lower connection
portion CTa 1 FIG. 10 are disposed as seen 1n plan view.
The latch portion LT and the lower connection portion CTa
are located to be adjacent to each other along the second
direction Y, for example. Next, the configuration of a pixel
circuit PC will be described while focusing on the circuit
group CG1 as a typical example.

The pixel circuits PC11 to PC13 respectively comprise
latch portions L'T11 to LT13 and lower connection portions
CTall to CTal3. The latch portions LT11 to LT13 are
respectively disposed in the central portions of the pixel
circuits PC11 to PC13 as seen i plan view. The lower
connection portion CTall electrically connects the pixel
circuit PC11 to the relay line RL11 shown 1n FIG. 10. The
lower connection portion CTal2 electrically connects the
pixel circuit PC12 to the relay line RLL12 shown 1n FIG. 10.
The lower connection portion CTal3 electrically connects
the pixel circuit PC13 to the relay line RIL13 shown 1n FIG.
10. The lower connection portions Clall to CTal3 are
aligned respectively with the latch portions L'T11 to L'T13
along the second direction Y, and arranged at positions
closer to the signal line SL1 than the latch portions L'T11 to
[L.T13 as seen in plan view. More specifically, the lower
connection portions CTall to CTal3 are respectively dis-
posed 1n end portions EPC11 to EPC13 of those of the pixel
circuits PC11 to PC13 along the second direction Y, which
are located on an opposite side to the side adjacent to the
circuit group CG3, and are arranged along the first direction
X.

The circuit group CG2 has the same configuration in
layout as that of the circuit group CG1, and the circuit
groups CG3 and CG4 have the configuration 1 layout
symmetrical to the circuit groups CG1 and CG2 with respect
to the signal line SL2 as the axis of symmetry. That 1s, the
lower connection portions CTa21 to CTa23 disposed 1n the
circuit group CG2 are located in positions closer to the
signal line SL1 than the latch portions 121 to LT23 and are
arranged along the first direction X. The lower connection
portions CTall to CTal3 and CTa21 to CTa23 are located on
the same straight line. The lower connection portions CTa31
to CTa33 disposed 1n the circuit group CG3 are located in
positions closer to the signal line SL.3 than the latch portions
[.T31 to LT33. The circuit group CG4 1s similar to that of the
circuit group CG3. The lower connection portions CTa31 to
CTa33 and CTadl to CTad43 are arranged along the first
direction X on the same straight line.

As described above, 1n the example illustrated, the lower
connection portions Cla disposed on the main pixel circuit
CR1 are located 1n the respective end portions of the circuit
groups CG1 to CG4 along the second direction Y and 1n the
both end portions of the main pixel circuit CR1 along the
second direction Y and they are arranged along the first
direction X.

In this configuration example, the upper connection por-
tions CTb and the lower connection portions Cla are
arranged along the first direction X. The lower connection
portions CTa and the upper connection portions Clb are
respectively disposed on the same respective straight lines
and are separated respectively from each other along the
second direction Y. Thus 1t 1s possible to secure the wiring
region WR extending along the first direction X. In this
manner, as compared to the case where the wiring region
WR 1s dispersed, longer relay lines RL can be employed to
be able to place the electrode group EG1 1n a position more
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distant from the circuit group CG1. That 1s, the region which
overlaps the driver DR as seen 1n plan view of the display
area DA can be expanded.

For example, the upper connection portions CTb disposed
on the main pixel PX1 are located along the first direction X
in the respective end portions of the electrode groups EG1
to EG4 along the second direction Y, and arranged near the
boundary line B1 equivalent to the central portion of the
main pixel PX1 along the second direction Y by the bound-
ary line B1. Further, the lower connection portions CTla
disposed 1n the main pixel circuit CR1 are arranged 1n the
respective end portions of the circuit groups CG1 to CG4
along the second direction Y, and arranged in the both end
portions of the main pixel circuit CR1 along the second
direction Y. In this manner, the width of the wiring region
WR along the second direction Y can be increased. Note that
in the example shown i FIG. 10, the main pixel PX1 1s
shifted 1n the second direction Y from the main pixel circuit
CR1, and therefore the electrode group EG1 1s shifted 1n the
second direction Y from the circuit group CG1. As a result,
the wiring region WR where the relay lines RLL11 to RL13
which connect the electrode group EG1 and circuit group
CG1 to each other are disposed can be expanded further.

FIG. 14 1s a diagram showing an example of arrangement
of the main pixels PX and the main pixel circuits CR in the
display panel PNL.

In order to narrow the frame area along the first direction
X 1n the vicinities of the outer edges DAX, 1t 1s desirable for
the display area DA to include regions R1 and R2 such as
shown. The two regions R1 are disposed along the outer
edges DAX, respectively. The region R2 1s located 1n the
central portion of the display area DA and between the
regions R1 along the first direction X.

In the display panel PNL, a plurality of main pixels PX are
arranged along the first direction X and the second direction
Y and also a plurality of main pixel circuits CR are arranged
along the first direction X and the second direction Y. In the
region R1, the main pixels PX are shifted respectively in the
first direction X from the corresponding main pixel circuits
CR as seen m plan view. A displacement D1 of the main
pixels PX from the main pixel circuit CR 1n the first
direction X 1s small 1n locations near the region R2 and large
in locations near the outer edges DAX. In the regions
overlapping the peripheral circuits Crl and Cr3, the dis-
placement D1 of the main pixels PX from the main pixel
circuits CR along the first direction X 1s greater than the
width WPX of the main pixels PX along the first direction
X, and as discussed above, the main pixels PX are separated
respectively from the main pixel circuits CR as seen 1n plan
view. On the other hand, 1n the region R2, the main pixels
PX are not shifted from the corresponding main pixel circuit
CR 1n the first direction X as seen in plan view.

In the example 1llustrated, the configuration 1n layout of
the pixel electrodes PE disposed 1n the main pixels PX of the
regions R1 1s similar to that of the main pixels PX 1n the
region R2. The configuration 1n layout of the main pixel
circuits CR 1n the regions R1 1s similar to that of the region
R2, and the configurations 1n layout of the pixel circuits PC
located along the first direction X are similar to each other
regardless of the regions R1 and region R2. The lower
connection portions CTa are arranged along the first direc-
tion X all over the regions R1 and R2. The upper connection
portions CTb are arranged along the first direction X all over
the regions R1 and R2 as well, but respectively disposed
apart from the lower connection portions Cla along the
second direction Y. The configurations in layout of the relay

lines RL are different between the regions R1 and the region
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R2. More specifically, the relay lines RL of the regions R1
are arranged 1n an L shape extending along the first direction
X and also the second direction Y, whereas the relay lines RL
of the region R2 are arranged 1n a straight line extending
along the second direction Y.

In the regions R1, the regions where the density of relay
lines RL 1s high, and those where the density 1s low are
located alternately along the second direction Y. In the
regions close to the lower connection portions CTa, the
density of the relay lines RL extending along the first
direction X 1s high, whereas 1n the regions disposed apart
from the lower connection portions Cla, the density of the
relay lines RL extending along the first direction X 1s low.
In the regions where the density of the relay lines RL 1s high,
the surfaces of the pixel electrodes PE on an opposite side
to a side opposing the relay lines RL protrude 1n some cases,
as compared to the region where the density of the relay
lines RL 1s low. More specifically, in some cases, protrusions
and recesses are formed periodically along the second
direction Y 1n the surfaces of a plurality of pixel electrodes
PE. In this case, non-uniformity 1n reflection 1s caused by the
uncvenness of the surfaces of the pixel electrodes PE,
thereby creating stripe-like non-uniformity i di Splay in the
regions R1. However, the dlsplay device DSP comprises the
scattering layer FS shown in FIGS. 7A to 7G, which can
scatter the reflection light from the pixel electrodes PE.
Therefore, even with the configuration example shown 1n
FIG. 14, 1t 1s possible to suppress the generation of the
non-uniformity 1n display in the regions R1.

MODIFIED

EXAMPLES

Next, modified examples of the configuration discussed 1n
Embodiment 2 will be described. In the following modified
examples, the configuration will be described focusing on
the sub-pixel P1 as a typical example and the detailed
explanations of the sub-pixels P2 to P4 will be omitted. Note
that advantageous eflects similar to those of Embodiment 2
can be obtained in the modified examples as well.

First Modified Example

FIG. 15 1s a diagram showing the first modified example
of the configuration of the main pixel PX and the main pixel
circuit CR shown in FIG. 10.

This modified example 1s different from the configuration
example shown in FIG. 10 in that the main pixel PX1 and
the main pixel circuit CR1 are not shifted in the second
direction Y. In this modified example, the lower connection
portions CTa disposed in the main pixel circuit CR1 respec-
tively oppose the pixel electrodes PE of the main pixel PX1
along the first direction X.

FIG. 16 1s a diagram showing the first modified example
of the configuration of the electrode groups EG1 to EG4
shown 1n FIG. 12.

The electrode groups EG1 to EG4 shown in FIG. 16 are
clectrode groups of the main pixel PX1 illustrated i FIG.
15. This modified example 1s different from the configura-
tion example shown 1n FIG. 12 1n the positions of the pixel
electrode PE11, PE21, PE31 and PE41.

Of the three pixel electrodes PE11 to PE13, the smallest
pixel electrode PE11 1s disposed at the center of the sub-
pixel P1. The middle-sized pixel electrode PE12 1s disposed
along two crossing sides SD1 and SD2 of the pixel electrode
PE11. The largest pixel electrode PE13 1s disposed along the
other two crossing side SD3 and SD4 of the pixel electrode
PE11. The pixel electrode PE12 1s disposed on a side close
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to the ntersection XP of the pixel electrode PE11, and the
pixel electrode PE13 1s disposed on a side disposed apart
from the 1ntersection XP of the pixel electrode PE11.

The upper connection portion CTb11 1s disposed in the
central portion of the pixel electrode PE11. The upper
connection portions CTb1l to CIbl3 are located along the
first direction X in the central portion of the electrode group
EG1 with respect to the second direction Y, and are arranged
on the same straight line.

Second Modified Example

FIG. 17 1s a diagram showing the second modified
example of the configuration of the electrode groups EG1 to
EG4 shown in FIG. 12.

This modified example 1s diflerent from the configuration
example shown in FIG. 12 1n that the pixel electrodes PE11,
PE21, PE31 and PE41 are each located on a side opposite to
the side close to the boundary line B1 of the sub-pixels P1
to P4.

The pixel electrode PE11 1s adjacent to the boundary line
B2 and 1s disposed apart from the boundary line B1. The
pixel electrode PE12 has an L type arranged along two
crossing sides of the pixel electrode PE11. Two sides of the
pixel electrode PE11, which are adjacent to the pixel elec-
trode PE12 are one opposing the boundary line B1 and the
other on an side opposite to that adjacent to the boundary
line B2. The pixel electrode PE13 has an L type arranged
along the other two sides opposing the two sides of the pixel
clectrode PE12, which are adjacent to the pixel electrode
PE11. The pixel electrode PE13 1s adjacent to the boundary
lines B1 and B2.

The upper connection portions CTbll to CTbl3 are
respectively disposed 1n end portions of the pixel electrodes
PE11 to PE13, located on a side opposite to the side adjacent
to the electrode group EG3. The upper connection portions
CTb of the main pixel PX1 are disposed in the both end
portions of the main pixel PX1 along the second direction Y,
and are arranged along the first direction X.

Third Modified Example

FIG. 18 15 a diagram showing the third modified example
of the configuration the electrode groups EG1 to EG4 shown
in FIG. 12.

This modified example 1s different from the configuration
example shown 1n FIG. 12 1n that the pixel electrodes PE are
cach formed into stripes.

The pixel electrodes PE11 to PE13 are arranged along the
first direction X, and extend along the second direction Y to
be each adjacent to the boundary line B1. The pixel electrode
PE13 1s dlsposed apart from the boundary line B2. The pixel
clectrode PE11 1s located between the pixel electrode PE13
and the boundary line B2. The pixel electrode PE12 is
located between the pixel electrode PE11 and the boundary
line B2.

As 1n the modified example 1llustrated 1n FIG. 17, the
upper connection portions CTb11 to CTbh13 are respectively
disposed 1n an end portion of the electrode group CG1, on
a side opposite to the side adjacent to the electrode group
CG3, and are arranged along the first direction X.

Next, another modified example will be described with
reference to FIG. 19 and FIG. 20, in which the upper
connection portions CTb are not arranged along the first
direction X.
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Fourth Modified Example

FIG. 19 1s a diagram showing the fourth modified
example of the configuration of the main pixels PX and the
main pixel circuits CR shown in FIG. 10.

FIG. 19 1llustrates a configuration 1n which some of the
upper connection portions CTb are not arranged along the
first direction X but shifted along the second direction Y.
More specifically, FI1G. 19 shows a configuration example 1n
which those of the upper connection portions CTb located in
the region R1 are not arranged along the first direction X.
Note that the layout of the sub-pixels in FIG. 19 1s similar
to that of FIG. 16.

In the modified example illustrated in FI1G. 19, the relay
lines RL are arranged so as to avoid interference from each
other. With this modified example also, an advantageous
ellect similar to that of the configuration example 1llustrated

in FIG. 10 can be obtained.

Fifth Modified Example

FIG. 20 1s a diagram showing the fifth modified example
of the configuration of the main pixels PX and main pixel
circuits CR shown 1n FIG. 10.

FIG. 20 1llustrates a configuration 1n which some of the
upper connection portions CTb are not arranged along the
first direction X but shifted along the second direction Y.
More specifically, F1G. 20 shows a configuration example 1n
which those of the upper connection portions CTb, which
are located 1n the region R1 are not arranged along the first
direction X. Note that the layout of the sub-pixels in FIG. 19
1s similar to that of FIG. 12.

In the modified example illustrated in FIG. 20, the relay
lines RL are arranged so as to avoid interference from each
other. With this modified example also, an advantageous
cllect similar to that of the configuration example 1llustrated
in FIG. 10 can be obtained, as described above.

Sixth Modified Example

FIG. 21 1s a diagram showing the sixth modified example
of the configuration of the main pixels PX and main pixel
circuits CR shown 1n FIG. 10.

This modified example 1s different from the configuration
example illustrated 1n FIG. 14 1n that the configuration 1n
layout of the electrode group EGS disposed in the region R2
1s a different from that of the electrode group EG1 disposed
in the region R1.

The main pixels PX1 are disposed 1n the region R1, and
the main pixels PX2 are arranged 1n the region R2. The main
pixels PX1 and PX2 are arranged along the first direction X.
The electrode group EG1 constitutes the sub-pixel P1 1n the
main pixel PX1. The electrode group EGS constitutes the
sub-pixel P5 in the main pixel PX5, which displays the same
color as the sub-pixel P1. In the example illustrated, the
sub-pixels P1 and P35 are G pixels, and both the electrode
groups EG1 and EGS respectively overlap the green color
filters CF1 (G). Here, the color filter CF1 (G) are formed 1n
regions overlapping the electrode group EG1 and the elec-
trode group EGS, respectively so as to be integrated as one
body; however, a plurality of color filters may be provided
in each of the regions overlapping the electrode group EG1
and the electrode group EGS as shown in FIG. 11.

In the example 1llustrated, the electrode group EGS is laid
out as 1llustrated 1n FIG. 16 and the electrode group EG1 1s
laid out as illustrated 1n FIG. 18. The pixel circuits PC51 to
PC33 of the circuit group CGS are configured to match the
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layout of the electrode group EGS. Therefore, the lower
connection portions Cla and the upper connection portions
CTb of the sub-pixel PS are arranged in the central portion
of the sub-pixel P5 along the second direction Y. The lower
connection portions CTa are arranged along the first direc-
tion X from the region R1 over to the region R2, whereas the
upper connection portions CTb are shifted along the second
direction Y between the regions R1 and R2.

According to this modified example, the positions of the
upper connection portions Clb, which correspond to the
respective electrode groups EG can be changed between the
regions R1 and R2. In this manner, the flexibility i the
layout of the relay lines RL 1n the region R1 can be raised,
and therefore the main pixels PX1 and the main pixel
circuits CR1 can be disposed in positions respectively
further from each other.

Seventh Modified Example

FIG. 22 1s a diagram showing the seventh modified
example of the configuration of the main pixels PX and the
main pixel circuits CR shown in FIG. 10.

As 1 the case of FIG. 21, this modified example 1llus-
trates a configuration in which the layouts of the electrode
groups EG are different between the regions R1 and R2. In
the example illustrated, the electrode group EGS 1s laid out
as 1llustrated 1n FIG. 12, whereas the electrode group EGI1
1s laid out as illustrated i FIG. 17.

In the modified example illustrated 1n FIG. 22, an advan-

tageous eflect similar to that discussed with FIG. 21 can be
obtained.

Eighth Modified Example

FIG. 23 1s a diagram showing the eighth modified
example of the configuration of the main pixels PX and the
main pixel circuits CR shown in FIG. 10.

As 1 the case of FIG. 21, this modified example 1llus-
trates a configuration in which the layouts of the electrode
groups EG are different between the regions R1 and R2. In
the example illustrated, the electrode group EGS 1s laid out
as 1llustrated 1n FIG. 16, whereas the electrode group EG1
1s laid out as illustrated i FIG. 12.

In the modified example illustrated 1n FIG. 23, an advan-
tageous eflect similar to that discussed with FIG. 21 can be
obtained.

Ninth Modified Example

FIG. 24 1s a diagram showing the ninth modified example
of the configuration of the main pixels PX and the main pixel
circuits CR shown 1 FIG. 10.

This modified example 1s diflerent from the configuration
example 1llustrated 1n FIG. 14 1n that the area of the main
pixel PX1 as seen 1n plan view differs from that of the main
pixel PX2.

When comparing the electrode group EG1 overlapping a
driver DR and the electrode group EGS disposed apart from
a driver DR as seen 1n plan view, the widths of the electrode
groups EG1 and EGS along the second direction Y are equal
to each other. Here the width of the electrode group EG1
along the first direction X 1s defined as a pitch P13, and that
of the electrode group EGS along the first direction X 1s
defined as a pitch PT4. The pitch PT3 1s different from the
pitch PT4 1n size, and in the example, the pitch PT3 1s
greater than pitch PT4.
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According to such a modified example, the size of the
region where a driver DR and a main pixel PX overlap can
be adjusted. Moreover, the number of the main pixels PX
arranged so as to overlap with the drivers DR can be
decreased.

Embodiment 3

This embodiment describes an example of application of
the display devices DSP described in Embodiments 1 and 2.

FI1G. 25 1s a diagram showing a configuration example of
a multi-display system.

The multi-display system 1illustrated here comprises a
video signal output device VD and display devices DSP1 to
DSP4. The video signal output device VD i1s connected to
cach of the display devices DSP1 to DSP4 via a cable. The
display devices DSP1 to DSP4 are configured to be 1dentical
to the display device DSP described 1n any of the embodi-
ments provided above. The display devices DSP1 to DSP4
comprise display areas DA1 to DA4 and mounting portions
MT1 to MT4, respectively.

In the example illustrated, the display devices DSP1 to
DSP4 are each arranged along such respective directions
that the mounting portions thereof are not placed between
any adjacent pair of display devices. More specifically, the
display devices DSP1 and DSP2 are arranged along the first
direction X, the display devices DSP3 and DSP4 are
arranged along the first direction X, the display devices
DSP1 and DSP3 are arranged along the second direction Y,
and the display devices DSP2 and DSP4 are arranged along
the second direction Y. Note that the display devices DSP1
and DSP3 are arranged so that the display areas DA1 and
DA3 are located adjacent to each other and neither one of the
mounting portions MT1 and MT3 1s located between the
display areas DA1 and DA3. Similarly, the display device
DSP2 and DSP4 are arranged so that the display areas DA2
and DA4 are located adjacent to each other. When the
multi-display 1s assembled using the display devices DSP
discussed in Embodiment 2, they should desirably arranged
so that the regions R1 thereot be close to each other, that 1s,
the outer edges DAX thereol oppose each other.

According to such a configuration example, the display
areas DA1 to DA4 of the display devices DSP1 to DSP4 are
located closely adjacent to each other. Further, the frame of
cach of the display devices DSP1 to DSP4 1s narrowed as
described above, thereby making 1t possible to reduce the
gap between all adjacent pairs of display areas DA1 to DA4.
Thus, the seams between the display images on the display
arcas DA1 to DA4 are unrecognizable 1n view, thus making
it possible to improve the display quality.

As described above, according to this embodiment, 1s
possible to provide a display device whose frame can be
narrowed.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.
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In addition, examples of the display device obtained from
the configurations disclosed in this specification will be a
provided.

(1) A display device comprising;:

a driver;

a first pixel circuit arranged apart from the driver 1n plan
view, the first pixel circuit being electrically connected to the
driver;

a second pixel circuit separated further from the driver
than the first pixel circuit 1n plan view but electrically
connected to the driver;

a first pixel electrode overlapping the driver in plan view;

a second pixel electrode overlapping the first pixel circuit
in plan view;

a first relay line electrically connecting the first pixel
circuit and the first pixel electrode to each other; and

a second relay line electrically connecting the second
pixel circuit and the second pixel electrode to each other.

(2) The display device of the 1item (1), further comprising:

a first insulating film located between the first pixel circuit
and the first relay line and between the second pixel circuit
and the second relay line;

a second isulating film located between the first relay
line and the first pixel electrode and between the second
relay line and the second pixel electrode;

a first lower connection portion formed 1n through the first
insulating film and electrically connecting the first pixel
circuit and the first relay line to each other;

a first upper connection portion formed in through the
second insulating film and electrically connecting the first
relay line and the first pixel circuit to each other,

wherein

the first pixel electrode 1s disposed apart from the first
pixel circuit 1n a first direction, and

the first lower connection portion 1s disposed apart from
the first upper connection portion in the first direction.

(3) The display device of item (2), further comprising a
second lower connection portion formed through the first
insulating film and electrically connecting the second pixel
circuit and the second relay line,

wherein

the first and second pixel circuits are arranged along the
first direction, and

the first and second lower connection portions are
arranged along the first direction.

(4) The display device of item (3), further comprising:

a third pixel circuit disposed apart from the driver further
than the second pixel circuit;

a third pixel electrode overlapping the third pixel circuit
in plan view and electrically connected to the third pixel
circuit;

a third lower connection portion formed through the first
insulating film and electrically connecting the third pixel
circuit and the third pixel electrode,

wherein

the first lower connection portion 1s located adjacent to
the other lower connection portions along the first direction
at a first pitch, and

the second lower connection portion 1s located adjacent to
the other lower connection portions along the first direction
at a second pitch greater than the first pitch.

(5) The display device of 1item (2), further comprising:

a fourth pixel circuit disposed apart from the driver 1n plan
view and electrically connected to the drniver;

a fourth pixel electrode disposed apart from the fourth
pixel circuit 1n a second direction crossing the first direction
and overlapping the driver, 1n plan view; and
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a Tourth relay line located between the first insulating film
the second insulating film and electrically connecting the
fourth pixel circuit and the fourth pixel electrode to each
other.

(6) The display device of item (1), further comprising;:

a light-shielding portion having light-shielding property,
located on a same layer as the first and second relay lines and
disposed apart from the first and second relay lines.

(7) A display device comprising:

a driver:;

a first circuit group including first or third pixel circuits
cach electrically connected to the driver, and disposed apart
from the driver 1n plan view;

a first electrode group including a first pixel electrode, a
second pixel electrode greater in area than the first pixel
clectrode, and a third pixel electrode greater in area than the
second pixel electrode, and, the first electrode group over-
lapping the driver in plan view;

a first relay line electrically connecting the first pixel
circuit and the first pixel electrode to each other;

a second relay line electrically connecting the second
pixel circuit and the second pixel electrode to each other;
and

a third relay line electrically connecting the third pixel
circuit and the third pixel electrode to each other.

(8) The display device of item (7), further comprising;:

a first insulating film located between the first pixel circuit
and the first relay line, between the second pixel circuit and
the second relay line, and between the third pixel circuit and
the third relay line;

a second insulating film located between the first relay
line and the first pixel electrode, between the second relay
line and the second pixel electrode, and between the third
relay line and the third pixel electrode;

a first lower connection portion formed through the first
insulating film and electrically connecting the first pixel
circuit and the first relay line to each other;

a second lower connection portion formed through the
first insulating film and electrically connecting the second
pixel circuit and the second relay line to each other;

a third lower connection portion formed through the first
insulating film and electrically connecting the third pixel
circuit and the third relay line to each other;

a first upper connection portion formed in through the
second insulating film and electrically connecting the first
relay line and the first pixel electrode to each other;

a second upper connection portion formed in through the
second 1nsulating film and electrically connecting the second
relay line and the second pixel electrode to each other;

a third upper connection portion formed in through the
second 1nsulating film and electrically connecting the third

relay line and the third pixel electrode to each other,

wherein

the first to third pixel circuits are arranged along a first
direction,

the first electrode group 1s disposed apart from the first
circuit group 1n the first direction 1n plan view,

the first to third lower connection portions are arranged
along 1n the first direction, and are separated respectively
from the first to third upper connection portions also 1n a
second direction which intersects the first direction in plan
VIEW.

(9) The display device of item (8), wherein

the first to third upper connection portions are disposed 1n
an end portion of the first electrode group along the second
direction, and are arranged along the first direction.
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(10) The display device of 1item (8), further comprising:

a second circuit group adjacent to the first circuit group
along the first direction; and

a third circuit group adjacent to the first circuit group
along the second direction,

wherein

the second circuit group has a configuration 1n layout
same as that of the first circuit group,

the third circuit group has a configuration in layout
symmetrical with that of the first circuit group with respect
to a straight line extending 1n the first direction as an axis of
symmetry, and

the first to third lower connection portions are located 1n
end portions of the first to third pixel circuits, respectively,
which are on a side opposite to that adjacent to the third
circuit group.

(11) The display device of item (7), wherein

the first pixel electrode has a quadrangular shape,

the second pixel electrode has an L shape arranged along
two crossing sides of the first pixel electrode, and

the third pixel electrode has an L shape arranged along
other two sides of the first pixel electrode.

(12) The display device of 1item (7), wherein

the first pixel electrode has a quadrangular shape,

the second pixel electrode has an L shape arranged along
two crossing sides of the first pixel electrode, and

the third pixel electrode has an L shape arranged along
other two sides of the second pixel electrode, which oppose
two sides adjacent to the first pixel electrode.

(13) The display device of 1tem (7), wherein

the first to third pixel electrodes are arranged along a first
direction, and each extend along a second direction crossing
the first direction.

(14) The display device of 1tem (7), further comprising:

second to fourth electrode groups belonging to a same
main pixel as that of the first electrode group; and

a first boundary line located between the first electrode
group and the third electrode group and between the second
clectrode group and the fourth electrode group,

wherein

the third electrode group has a configuration 1n layout
symmetrical with that of the first electrode group with
respect to the first boundary line as an axis of symmetry, and

the fourth electrode group has a configuration 1n layout
symmetrical with that of the second electrode group with
respect to the first boundary line as an axis of symmetry.

(15) The display device of 1tem (7), further comprising:

second to fourth electrode groups belonging to a same
main pixel as that of the first electrode group;

a second boundary line located between the first electrode
group and the second electrode group and between the third
clectrode group and the fourth electrode group,

wherein

the second electrode group has a configuration in layout
symmetrical with that of the first electrode group with
respect to the second boundary line as an axis of symmetry,
and

the fourth electrode group has a configuration 1n layout
symmetrical with that of the third electrode group with
respect to the second boundary line as an axis of symmetry.

(16) The display device of item (7), further comprising:

a {itth electrode group disposed apart from the driver and
overlapping a color filter of the same color as that of the first
clectrode group, 1n plan view,

wherein

the fifth electrode group has a configuration 1n layout
different from that of the first electrode group.
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(17) The display device of item (7), further comprising:

a sixth electrode group disposed apart from the driver in
plan view,

wherein

the first electrode group 1s disposed apart from the first
circuit group 1n a {irst direction in plan view, and

a width of the sixth electrode group along the first
direction 1s different from that of the first electrode group
along the first direction.

(18) The display device of 1item (7), wherein

the first electrode group 1s disposed apart from the first
circuit group 1n a first direction and 1s shifted with respect to
the first circuit group also 1n a second direction crossing the
first direction in plan view.

(19) The display device of item (1), further comprising:

a first substrate; and

a second substrate disposed to oppose the first substrate,

wherein

the first substrate includes the first pixel electrode dis-
posed thereon, and

the second substrate includes an anisotropic scattering
layer disposed thereon to oppose the first pixel electrode,
which scatters icident light from a specific direction.

(20) The display device of item (1), further comprising:

a first substrate; and

a second substrate disposed to oppose the first substrate,

wherein

the first substrate includes the first pixel electrode dis-
posed thereon, and

the second substrate includes an 1sotropic scattering layer
disposed thereon to oppose the first pixel electrode, which
scatters mncident light from any direction.

(21) A display device comprising:

a driver;

a first circuit group including first to third pixel circuits
cach electrically connected to the driver;

a first electrode group including a first pixel electrode, a
second pixel electrode greater in area than the first pixel
clectrode, and a third pixel electrode greater in area than the
second pixel electrode;

a first relay line electrically connecting the first pixel
circuit and the first pixel electrode to each other;

a second relay line electrically connecting the second
pixel circuit and the second pixel electrode to each other;

a third relay line electrically connecting the third pixel
circuit and the third pixel electrode to each other;

a {irst upper connection portion electrically connecting the
first relay line and the first pixel electrode to each other;

a second upper connection portion electrically connecting,
the second relay line and the second pixel electrode to each
other;

a third upper connection portion electrically connecting
the third relay line and the third pixel electrode to each other;

a first lower connection portion electrically connecting the
first pixel circuit and the first relay line to each other;

a second lower connection portion electrically connecting,
the second pixel circuit and the second relay line to each
other; and

a third lower connection portion electrically connecting
the third pixel circuit and the third relay line to each other,

wherein the first to third upper connection portions are
arranged 1n an end portion of the first electrode group.

(22) The display device of item (21), further comprising:

second to fourth electrode groups belonging to a same
main pixel as that of the first electrode group;
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a first boundary line located between the first electrode
group and the third electrode group and between the second
clectrode group and the fourth electrode group,

wherein

the third electrode group has a configuration in layout
symmetrical with that of the first electrode group with
respect to the first boundary line as an axis of symmetry, and

the fourth electrode group has a configuration in layout
symmetrical with that of the second electrode group with
respect to the first boundary line as an axis of symmetry.

What 1s claimed 1s:

1. A display device comprising:

a driver;

a first pixel circuit arranged apart from the driver i plan
view, the first pixel circuit being electrically connected
to the driver;

a second pixel circuit separated further from the drniver
than the first pixel circuit in plan view but electrically
connected to the driver;

a first pixel electrode overlapping the driver in plan view;

a second pixel electrode overlapping the first pixel circuit
in plan view;

a first relay line electrically connecting the first pixel
circuit and the first pixel electrode to each other; and

a second relay line electrically connecting the second
pixel circuit and the second pixel electrode to each
other.

2. The display device of claim 1, further comprising:

a first insulating film located between the first pixel circuit
and the first relay line and between the second pixel
circuit and the second relay line;

a second insulating film located between the first relay
line and the first pixel electrode and between the second
relay line and the second pixel electrode;

a first lower connection portion formed in through the first
insulating film and electrically connecting the first pixel
circuit and the first relay line to each other;

a first upper connection portion formed in through the
second 1nsulating film and electrically connecting the
first relay line and the first pixel circuit to each other,

wherein

the first pixel electrode 1s disposed apart from the first
pixel circuit 1n a first direction, and

the first lower connection portion 1s disposed apart from
the first upper connection portion in the first direction.

3. The display device of claim 2, further comprising a
second lower connection portion formed through the first
insulating film and electrically connecting the second pixel
circuit and the second relay line,

wherein

the first and second pixel circuits are arranged along the
first direction, and

the first and second lower connection portions are
arranged along the first direction.

4. The display device of claim 3, further comprising:

a third pixel circuit disposed apart from the driver turther
than the second pixel circuit;

a third pixel electrode overlapping the third pixel circuit
in plan view and electrically connected to the third
pixel circuit;

a third lower connection portion formed through the first
isulating film and electrically connecting the third
pixel circuit and the third pixel electrode,

wherein

the first lower connection portion 1s located adjacent to
the other lower connection portions along the first
direction at a first pitch, and
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the second lower connection portion 1s located adjacent to
the other lower connection portions along the first
direction at a second pitch greater than the first pitch.

5. The display device of claim 2, further comprising;:

a fourth pixel circuit disposed apart from the driver 1in plan
view and electrically connected to the driver;

a fourth pixel electrode disposed apart from the fourth
pixel circuit 1n a second direction crossing the first
direction and overlapping the driver, in plan view; and

a Tourth relay line located between the first insulating film
the second msulating film and electrically connecting
the fourth pixel circuit and the fourth pixel electrode to
cach other.

6. The display device of claim 1, further comprising;:

a light-shielding portion having light-shielding property,

located on a same layer as the first and second relay

lines and disposed apart from the first and second relay
lines.

7. A display device comprising:

a driver;

a first circuit group including first to third pixel circuits
cach electrically connected to the driver, and disposed
apart from the driver in plan view;

a first electrode group including a first pixel electrode, a
second pixel electrode greater 1n area than the first pixel
clectrode, and a third pixel electrode greater 1n area
than the second pixel electrode, and, the first electrode
group overlapping the driver 1n plan view;

a first relay line electrically connecting the first pixel
circuit and the first pixel electrode to each other;

a second relay line electrically connecting the second
pixel circuit and the second pixel electrode to each
other; and

a third relay line electrically connecting the third pixel
circuit and the third pixel electrode to each other.

8. The display device of claim 7, further comprising:

a first insulating film located between the first pixel circuit
and the first relay line, between the second pixel circuit
and the second relay line, and between the third pixel
circuit and the third relay line;

a second insulating film located between the first relay
line and the first pixel electrode, between the second
relay line and the second pixel electrode, and between
the third relay line and the third pixel electrode;

a first lower connection portion formed through the first
insulating film and electrically connecting the first pixel
circuit and the first relay line to each other;

a second lower connection portion formed through the
first 1nsulating film and electrically connecting the
second pixel circuit and the second relay line to each
other;

a third lower connection portion formed through the first
insulating film and electrically connecting the third
pixel circuit and the third relay line to each other;

a first upper connection portion formed in through the
second insulating film and electrically connecting the
first relay line and the first pixel electrode to each other;

a second upper connection portion formed in through the
second 1nsulating film and electrically connecting the
second relay line and the second pixel electrode to each
other;

a third upper connection portion formed in through the
second 1nsulating film and electrically connecting the
third relay line and the third pixel electrode to each
other,
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wherein

the first to third pixel circuits are arranged along a first
direction,

the first electrode group 1s disposed apart from the first
circuit group 1n the first direction 1n plan view,

the first to third lower connection portions are arranged
along 1n the first direction, and are separated respec-
tively from the first to third upper connection portions
also 1n a second direction which intersects the first
direction 1n plan view.

9. The display device of claim 8, wherein

the first to third upper connection portions are disposed 1n
an end portion of the first electrode group along the
second direction, and are arranged along the first direc-
tion.

10. The display device of claim 8, further comprising:

a second circuit group adjacent to the first circuit group
along the first direction; and

a third circuit group adjacent to the first circuit group
along the second direction,

wherein

the second circuit group has a configuration 1n layout
same as that of the first circuit group,

the third circuit group has a configuration in layout
symmetrical with that of the first circuit group with
respect to a straight line extending in the first direction
as an axis of symmetry, and

the first to third lower connection portions are located 1n
end portions of the first to third pixel circuits, respec-
tively, which are on a side opposite to that adjacent to
the third circuit group.

11. The display device of claim 7, wherein

the first pixel electrode has a quadrangular shape,

the second pixel electrode has an L shape arranged along
two crossing sides of the first pixel electrode, and

the third pixel electrode has an L shape arranged along
other two sides of the first pixel electrode.

12. The display device of claim 7, wherein

the first pixel electrode has a quadrangular shape,

the second pixel electrode has an L shape arranged along
two crossing sides of the first pixel electrode, and

the third pixel electrode has an L shape arranged along
other two sides of the second pixel electrode, which
oppose two sides adjacent to the first pixel electrode.

13. The display device of claim 7, wherein

the first to third pixel electrodes are arranged along a first
direction, and each extend along a second direction
crossing the first direction.
14. The display device of claim 7, further comprising:
second to fourth electrode groups belonging to a same
main pixel as that of the first electrode group; and
a first boundary line located between the first electrode
group and the third electrode group and between the
second electrode group and the fourth electrode group,

wherein

the third electrode group has a configuration 1n layout
symmetrical with that of the first electrode group with
respect to the first boundary line as an axis of symme-
try, and

the fourth electrode group has a configuration in layout
symmetrical with that of the second electrode group
with respect to the first boundary line as an axis of
symmetry.

15. The display device of claim 7, further comprising:

second to fourth electrode groups belonging to a same
main pixel as that of the first electrode group;
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a second boundary line located between the first electrode
group and the second electrode group and between the
third electrode group and the fourth electrode group,

wherein

the second electrode group has a configuration in layout ;5
symmetrical with that of the first electrode group with
respect to the second boundary line as an axis of
symmetry, and

the fourth electrode group has a configuration in layout
symmetrical with that of the third electrode group with

: : 1
respect to the second boundary line as an axis of
symmetry.

16. The display device of claim 7, further comprising:

a fifth electrode group disposed apart from the driver and
overlapping a color filter of the same color as that of the
first electrode group, 1n plan view,

wherein
the fifth electrode group has a configuration i1n layout

different from that of the first electrode group.
17. The display device of claim 7, further comprising:

a sixth electrode group disposed apart from the driver in 20
plan view,

wherein

the first electrode group 1s disposed apart from the first
circuit group 1n a first direction 1n plan view, and

a width of the sixth electrode group along the first ;5
direction 1s different from that of the first electrode

group along the first direction.
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18. The display device of claim 7, wherein

the first electrode group 1s disposed apart from the first
circuit group 1n a first direction and 1s shifted with
respect to the first circuit group also 1 a second
direction crossing the first direction 1n plan view.

19. The display device of claim 1, further comprising:
a first substrate; and

a second substrate disposed to oppose the first substrate,
wherein

the first substrate includes the first pixel electrode dis-
posed thereon, and

the second substrate includes an anisotropic scattering
layer disposed thereon to oppose the first pixel elec-
trode, which scatters incident light from a specific

direction.
20. The display device of claim 1, further comprising;:
a first substrate; and
a second substrate disposed to oppose the first substrate,
wherein

the first substrate includes the first pixel electrode dis-
posed thereon, and

the second substrate includes an 1sotropic scattering layer
disposed thereon to oppose the first pixel electrode,
which scatters incident light from any direction.
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